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flis one of the world’s largest manufacturers of integrated 
circuits, Signetics designs, develops, manufactures and sells 
over 1600 different types of integrated circuits. Signetics 
produces digital and linear circuits, utilizing both bipolar and 
metal-oxide-semiconductor (MOS) manufacturing processes. 

The Analog division is a major broad line supplier of both 
Signetics’ original designs and industry standard devices. The 
NE535 High Performance Operational Amplifier, the NE555 
Timer and the NE567 Phase Locked Loop are among Signetics’ 
original products. Leading Industry standard products avail¬ 
able from Signetics include the LM124/224/324 Quad Opera¬ 
tional Amplifier, the LM139/239/339 Quad Comparator, the 
/iA741 and MCI458 General Purpose Operational Amplifiers. 
The breadth of the Analog product line offers the designer, the 
component engineer, and the purchasing agent a varied 
approach to linear circuits ranging from the jjlAJAI to the latest 
in high technology products—a microprocessor compatible 
digital-to-analog converter—the NE5018. 

This broad analog circuit product line Is backed by Signetics’ 
industry Image as a quality manufacturer to whom the 
servicing of the customer’s needs is paramount. In order to 
continually improve this service capability, Signetics has, and 
will continue to implement, product development plans to 
Include both original designs and leading Industry standards. 
Examples of new products expected to be available within the 
next six months, but not included In this edition of the Analog 
manual are: 


TYPE 

DESCRIPTION 

NE530 

High Speed Operational Amplifier 

NE5530 

Dual High Speed Operational Amplifier 
(Dual 530) 

NE503 

1536-Bit Bucket Brigade 

NE5533 

Dual 5534 

79HV00 

High Breakdown 79XX 

TDA2002 

Audio Amp 

TDA2573 

TV Vertical Countdown 

NE5034 

8-Bit A/D Converter 

NE588 

LED Display Driver - Source Outputs 

NE589 

LED Display Driver - Source Outputs 

NE5010 

10-Bit D/A Converter 

MCI 399 

TV Color Processing Circuit 

/xA79HV00 

Three Terminal Negative High Voltage 
Regulator 
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The 1977 Analog Data Manual is one in a series of four data 
manuals published by Signetics. This publication is intended 
to serve as a single technical reference for designing with 
linear circuits by presenting both data specifications and 
applications Information in one manual. 

The format of this year’s edition differs from that of the 1976 
Analog manual. Data specifications and applications material 
are presented in two sections indexed for ease of use. The Data 
Specifications portion is completely new data presented in 
standard data sheet format reflecting commercial and military 
grade availability. The Applications portion is updated and 
rewritten to reflect data on new products Issued in the last yean 
In addition, a section on Military provides Information on 
product availability and processing options. 



ORDERING INFORMATION 

Signetics’ Analog integrated circuit prod¬ 
ucts may be ordered by contacting either 
the local Signetics sales office, Signetics 
representatives and/or Signetics authorized 
distributors. A complete listing is located on 
the back cover of this manual. 

Minimum Factory Order: 

Commercial Product: 

$1000 per order 

$50 per line Item per order 

Military Product: 

$250 per line item per order 

Table 1 provides part number information 
concerning for both Signetics originated 
products and industry standard products. 

Table 2 is a cross reference of both the old 
and new package suffixes for all presently 
existing types, while Table 3 and 4 provide 
appropriate explanations on the various 
prefixes employed in the part number 
descriptions. 

As noted in Table 3, Signetics defines 
device operating temperature range by the 
appropriate prefix. It should be noted 
however, that devices with a SE prefix 
(-55®Cto +125®C) indicates only its operat¬ 
ing temperature range and not Its military 
qualification status. The military qualifica¬ 
tion status of any analog product can be 
determined by either looking in the Military 
Section in this manual and/or contacting 
your local sales office. 


PART CROSS REF PRODUCT PRODUCT 

NUMBER PART NO. FAMILY DESCRIPTION 


NE535N 

/uA741C 


-► Description of 
Product Function 


1 ECL Emitter Coupled Logic 
DTL Diode Transistor Logic 
ANA Analog Products 
MOS Metal Oxide Silicon 
BIM Bipolar Memory Products 
MIL Military Products 
TTL Transistor Logic 
ML2 Military Products 


MCI741 SC ANA High Slew Rate OP-AMP 

LM741CJ ANA General Purpose OP-AMP 


Package Type—See Table 1 

-^ Device Number and Temperature Range Suffix 

—►Device Family and Temperature Range Prefix for 

Industry Standard and Signetics Originated Products—See Table 2. 


Table 1 PART NUMBER DESCRIPTION 


SUFFIX 

PACKAGE 

Old 

New 

DESCRIPTION2 

A,AA 

N 

14-lead plastic DIL 

A 

N-14 

14-lead plastic DIL (Selected 
Analog products only) 

B,BA 

N 

16-lead plastic DIL 

DA 

DA 

2-iead TO-3 

DB 

DB 

3-lead TO-5 

DC 

DC 

4-lead TO-46 

DE 

DE 

4-lead TO-72 

F 

F 

14,16, 18, 22 and 24-lead 
ceramic (Cerdip) DIL 

UK 

I 

14,16, 18, 22, 28 and 4-lead 
ceramic DIL 

K 

K 

10-lead TO-100 

L 

L 

10-lead high-profile TO-100 
can 

NA,NX 

N 

24-lead plastic DIL 

PN 

PHA 

12 + 1 GND pin DIL 

Q.R 

Q 

10, 14,16 and 24-lead 
ceramic flat 

S 

S 

3-lead TO-92 plastic 

SK 

SK 

Microprocessor kit 

T,TA 

T 

8-lead TO-99 

U 

U 

Plastic power TO-220 

V 

N 

8-lead plastic DIL 

W,WJ 

W 

10,14,16 and 24-lead 
ceramic (Cerpac) flat 

XA 

N 

18-lead plastic DIL 

XC 

N 

20-lead plastic DIL 

XC 

N 

22-lead plastic DIL 

XL.XF 

N 

28-lead plastic DIL 


PREFIX 

DEVICE TEMPERATURE RANGE 

N- 

0° to +70®C 

S- 

-55® to +125®C 

NE- 

0® to +70®C 

SE- 

-55® to +125®C 

SA 

-44® to +85®C 

SU 

-25® to +85®C 


Table 3 DEVICE TEMPERATURE 


PREFIX 

DEVICE FAMILY 

CA 

Linear Industry Standard 

DM 

Linear Industry Standard 

JB 

Mil Rel—Jan Qualified— 


Old Designator 

JM 

Mil Rel—Jan Qualified— 


New Designator 

LH 

Linear Industry Standard 

LM 

Linear Industry Standard 

M 

Mil Rel—Jan Processed 

MC 

Linear Industry Standard 

PA 

Linear Industry Standard 

SD 

Linear DMOS 

SP 

DTL Series 

UA 

Linear Industry Standard 

ULN 

_1 

Linear Industry Standard 


Table 4 FAMILY PREFIX 


Table 2 PACKAGE DESCRIPTIONS 
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SPECIAL PROCESSING 

Signetics offers two major processing lev¬ 
els: Mil-Spec andSuprll. Following are brief 
descriptions of these processes. For further 
Information in either product availability or 
process data, contact your local Signetics 
sales office. 

SUPRII 

Signetics Upgraded Product Reliability 
(SUPR) program is designed to provide 
industrial manufacturers with integrated 
circuits of a higher level of quality and 
reliability than is available with standard 
commercial product. Improvements in 
quality and reliability will result in signifi¬ 
cant cost savings to the integrated circuit 
user. Signetics has maintained a quality and 
reliability leadership position via its SUPR- 


DIP program (1972) and SUPR II program 
(1975). SUPR II Is a two-level program. Level 
A boosts the AQL functional guarantee on 
all Signetics product families. Level B, for 
maximum reliability, includes an additional 
100% burn-in to Mil std 883. Condition F. 

LEVEL A HIGHLIGHTS 

• Thermal shock preconditioning (per Mil 
std 883) 

• 100% dc testing 

• 100% functional testing at 100° 

• SEM wafer quality monitor 

• Die and preseal visual inspection criteria 
(per Mil std 883) 

The Analog division is continually expand¬ 
ing the availability list of products proc¬ 
essed to SUPR II Levels A and B. For 
information concerning the SUPR II status 


of products not shown in Table 5, contact 
your local Signetics sales office. 


DM8820 

LM319 

iuA723C 

DM8830 

LM324 

/xA741C 

DM8880 

LM339 

mA747C 

DM8880-1 

MCI 458 

mA748C 

LM124 

MC3302 

/iA7805C 

LM201H 

mA709C 

mA7812C 

LM301A 

/xA710C 

75450B 

LM307 

mA711C 

75451B 

LM308 

NE555 

76462B 

LM309 

NE556 

75453B 

LM3111 

75454B 


MCI 496 




Table 5 PRODUCT PRESENTLY 
AVAILABLE TO LEVELS A AND B 
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DESCRIPTION 

LF155, LF155A, LF255, LF355, LF355A(Low 
Supply Current) 

LF156, LF156A, LF256, LF356, LF356A 
(Wide Band) 

LF157, LF157A, LF257, LF357, LF357A 
(Wide Band) 

The LF155, LF156, LF157 Series of opera¬ 
tional amplifiers employ well matched, high 
voltage JFET input structures on the same 
monolithic chip as bipolar devices. These 
amplifiers feature low input bias and offset 
currents, low offset voltage and offset volt¬ 
age drift, coupled with offset adjust which 
does not degrade drift or common mode 
rejection. The devices are also designed for 
high slew rate, wide bandwidth, extremely 
fast settling time and low noise. 

COMMON FEATURES 

(LF155A/156A/157A) 

• Low input bias current 30pA 

• Low input offset current 3pA 

• High input impedance lO^^n 

• Low input offset voltage ImV 

• Low V os temperature drift 3/xV/°C 

• Low input noise current O.OlpA/vlHz 


SPECIFIC FEATURES 



LF155A 

LF156A 

• Settling time 



(0.01%) 

4ius 

I.SjUS 

• High slew rate 

5v//us 

12v//xs 

• Wide bandwidth 

2.5MHz 

5MHz 

• Low input noise 

20nV//Hz lanV/ZHi 

• LF155, LF156~military qualifications 

pending 

LF157A 
(Av = 5) 


• Settling time 



(0.01%) 

1.S/iS 


• High slew rate 

SOy/jis 


• Wide bandwidth 

20MHz 


• Low input noise 

12nV/\/Hz 



APPLICATIONS 

• Precision high speed integrators 

• Fast A/D, D/A converters 

• High impedance buffers 

• Wideband, low noise, low drift amplifier 


LF155/A/I 56/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 

PIN CONFIGURATION 



T PACKAGE 




NC 

rn 


BALANCE 



v + 

INVERTING 

INPUT 

(0 

0 

I OUTPUT 

NONINVERTING 

INPUT 

\0 

© 

BALANCE 



V- 



ORDER PART NO. 


LF155AT 

LF156AT 

LF157AT 

LF155T 

LF156T 

LF157T 

LF255T 

LF256T 

LF257T 

LF355AT 

LF356AT 

LF357AT 

LF355T 

LF356T 

LF357T 


EQUIVALENT SCHEMATIC 


(7) 



•C = 2pF on LF157 


sinnDtiBS 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



LF155A/6A/7A, LF155/6/7 

±22 

V 

LF255/6/7 

±22 

V 

LF355A/6A/7A, LF355/6/7 

±18 

V 

Power dissipationi TO-99 (T-package) 



LF155A/6A/7A, LF155/6/7 

670 

mW 

LF255/6/7 

570 

mW 

LF355A/6A/7A, LF355/6/7 

500 

mW 

Operating temperature range 



LF155A/6A/7A, LF155/6/7 

-55 to ±125 

°C 

LF255/6/7 

-25 to ±85 

°C 

LF355A/6A/7A, LF355/6/7 

0 to ±70 

°c 

Tj (Max) 



LF155A/6A/7A, LF155/6/7 

150 

0,0 

LF255/6/7 

115 

°c 

LF355A/6A/7A, LF355/6/7 

100 

°c 

Input voltage range2 



LF155A/6A/7A, LF155/6/7 

±20 

V 

LF255/6/7 

±20 

V 

LF355A/6A/7A, LF355/6/7 

±20 

V 

Output short circuit duration 



LF155A/6A/7A, LF155/6/7 

Continuous | 


LF255/6/7 

Continuous 


LF355A/6A/7A, LF355/6/7 

Continuous 


Storage temperature range 



LF155A/6A/7A, LF155/6/7 

-65 to ±150 

°C 

LF255/6/7 

-65 to ±150 

°C 

LF355A/6A/7A, LF355/6/7 

-65 to ±150 


Lead temperature (soldering, 10sec.) 

300 


LF155A/6A/7A, LF155/6/7 

300 

°C 

LF255/6/7 

300 

®C 

LF355A/6A/7A, LF355/6/7 

300 

°C 


NOTES 


1. The TO-99 package must be derated based on a thermal resistance of 150°C/W' 
junction to ambient or 25®C/W junction to case. 

2. Unless otherwise specified, the absoiute maximum negative input voltage is equal to 
the negative power supply voltage. 


LF155/A/I 56/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 
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LF155/A/I 56/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 

DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. (See notes on following page.) 


PARAMETER 

TEST CONDITIONS 

LF155A/6A/7A 

LF355A/6A/7A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltage 

Rs = 50a 


1 

2 


1 

2 

mV 






2.5 



2.3 

mV 

1- 

to 

O 

> 

<1 

Avg. TO of input offset 

Rs = son 


3 

5 


3 

5 

mV/°C 


voltage 









ATC/AVos 

Change in average TC2 

Rs = 5oa 


0.5 



0.5 


mV/°C 


with Vos adjust 








per mV 

los 

Input offset currenfi.s 

Tj = 25° C 


3 

10 


3 

10 

pA 



Tj < Thigh 



10 



1 

nA 

Ib 

Input bias currentTS 

Tj = 25° C 


30 

50 


30 

50 

pA 



Tj < Thigh 



25 



5 

nA 

Rin 

Input resistance 

Tj = 25°C 


1012 



1012 


a 

Avol 

Large signal voltage gain 

Vs = ± 15V 

50 

200 


50 

200 


V/mV 



Vo = ± 10V, RL-2ka 

25 



25 



V/mV 



Over temp. i 








Vo 

Output voltage swing 

Vs = ±15V, RL=10ka 

±12 

±13 


±12 

±13 


V 



Vs = ±15V, RL = 2ka 

±10 

±12 


±10 

±12 


V 

VcM 

Input common mode 



±15.1 





■■ 


Voltage range 

Vs = ± 15V 

±11 



±11 



■■ 





-12 

1 



mu 


CMRR 

Common-mode rejection ratio 


85 



85 

100 

■■■ 

dB 

PSRR 

Supply volt. rej. ration 


85 

100 


85 

100 

Hli 

dB 


DC ELECTRtCAL CHARACTERISTICS (Cont’d) Ta = 25°C unless otherwise specified. (See notes on following page.) 



PARAMETER 

Input offset voltage 


nput bias currentTS 


Input resistance _ 

Large signal voltage gain 


Output voltage swing 


Input common mode 
Voltage range 


Common-mode rejection ratio 
Supply volt. rej. ration 


TEST CONDITIONS 

Rs = 5on 


LF155/6/7 LF255y 

Min Typ Max Min Typ 


AVos/AT Avg. TO of input offset 
voltage 

ATC/AVos Change in average TC2 
with Vos adjust 

Rs = 50a 

Rs = 50a 

los Input offset currenti,3 

Tj = 25°C 
Tj < Thigh 



Vo = ± 10V, Rl = 2ka 
Over temp. 


Vs = ±15V, RL=10ka ±12 
Vs = ± 15V, RL=2ka ±10 


signotics 
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SH PERF0RMWBfE=JFET; iNPDT OP 


LF155/A/156/A/157/A, LF255/256/257, 
L,F355/A/356/A/357/A-T 

DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LF355/6/7 

. 

UNIT 

Min 

Typ 

Max 

Vos 

Input offset voltage 

Rs ~ 500 



10 

mV 






13 

mV 

AVos/AT 

Avg. TC of input offset 

Rs = 500 


5 


mV/°c 


voltage 






ATC/AVos 

Change in average TC2 

Rs = 500 


0.5 


mV/°c 


with Vos adjust 




HHH 

per mV 

los 

Input offset currently 

Tj = 25° C 




pA 



Tj < Thigh 




nA 


Input bias currenfi.s 

Tj = 25° C 



200 




Tj < Thigh 



8 



Input resistance 

Tj = 25°C 




0 

A VOL 

Large signal voltage gain 

Vs = ± 15V 

25 

1012 


V/mV 



Vo = ±10V, RL = 2kO 


200 





Over temp. 

15 



V/mV 

Vo 

Output voltage swing 

Vs = ±15V, RL=10kO 

±12 



V 



Vs = ±15V, RL =2kO 

±10 



V 

VCM 

Input common mode 




■■■I 



Voltage range 

Vs = ± 15V 

±10 









HillH 


CMRR 

Common-mode rejection ratio 


80 




PSRR 

Supply volt. rej. ratio4 


80 


IHI 

dB 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

LF155A/355A 

LF155/255 

LF355 

LF156A/LF156/256 

UNIT 

Min 



Min 



Min 

Typ 

Max 

Supply current 


2 

4 


2 

4 



7 

__I 

mA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, Vs = ± 15V unless otherwise specified. 


PARAMETER 

LF356A/LF356 


LF357A/LF357 

UNIT 

Min 

Typ 

Max 

Min 

Typ 


Min 

Typ 

Max 

Supply current 


5 

10 


5 

7 


5 

10 

___ 1 

mA 


NOTES 

1. These specifications apply for ±15V < Vs < ± 20V, -55°C < Ta ±125°C and Thigh = 
+126°C unless otherwise stated for the LF155A/6A/7A and the LF155/6/7. For the 
LF255/6/7, these specifications apply for ±15V < Vs < ±20V, -25° C < Ta < +85° C and 
Thigh == 85°C unless otherwise stated. For the LF355A/6A/7A, these specifications 
apply for ±15V < Vs < ±20V, 0°C < Ta < +70°C and Thigh = +70°C, and for the 
LF355/6/7 these specifications apply for Vs = ±15V and 0° C <Ta < +70° C. Vos, Is and 
I os are measured at Vgm= 0. 

2. The Temperature Coefficient of the adjusted input offset voltage changes only a small 
amount (0.5/iV/°C typically) for each mV of adjustment from its original unadjusted 
value. Common mode rejection and open loop voltage gain are also unaffected by 
offset adjustment. 


3. The input bias currents are junction leakage currents which approximately double for 
every 10°C increase in the junction temperature, Tj. Due to limited production test 
time, the input bias currents measured are correlated to junction temperature. In 
normal operation the junction temperature rises above the ambient temperature as a 
result of internal power dissipation, Pd. Tj = Ta + 0jA Pd where 6jA is the thermal 
resistance from junction to ambient. Use of a heat sink is recommended if input bias 
current is to be kept to a minimum. 

4. Supply Voltage Rejection is measured for both supply magnitudes increasing or 
decreasing simultaneously, in accordance with common practice. 
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LF155/A/156/A/I 57/A, LF255/256/257, 
LF355/A/356/A/357/A-T 

AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ± 15V unless otherwise specified.1 


PARAMETER 

TEST 

LF155A/LF355A | 

LF156A/356A | 

LF157A/357A | 

UNIT 

CONDITIONS 

Min 

Typ 

Max 

Min 

Typ 

Max 

I Min 

Typ 

Max 


SR Slew rate 

LF155/156 

3 

5 


10 

12 


40 

50 


VZ/xS 


LF155A/6A: Av = 1 











GBW Gain bandwidth 



2.5 


4 

4.5 


15 

20 


MHz 

product 












ts Settling time^ 









1 



to 0.01% 



4 



1.5 



1.5 


MS 

en Equiv. input 












noise volt. 

Rs = loon 












f= 100Hz 


25 



15 



15 


nV/Vl^ 


f= 1000Hz 


20 



12 ' 



12 


nV/\/Hz 

in Equiv. input 












noise current 

f= 100Hz 


0.01 



0.01 



0.01 


pA/\/Hz 


f = 1000Hz 


0.01 



0.01 



0.01 


pA/\/Hz 

Gin Input capacitance 



3 



3 



3 


pF 


AC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, Vs = ± 15V unless otherwise specified.1 


PARAMETER 


SR Slew rate 


GBW Gain bandwidth 
product 

ts Settling times 
to 0.01% 

en Equiv. input 
noise volt. 


in Equiv. input 
noise current 

CiN Input capacitance 


TCCT 


CONDITIONS 


LF155/156 
LF155A/6A; Av = 1, 


LF155/255/355 


Min Typ 



Max Min Typ Max 


12 


Rs = ioon 

f = 100Hz 
f = 1000Hz 

f= 100Hz 
f = 1000Hz 


nV/\/Hz 

nV/vTTz 

pA/\/Hz 

pA/VHz 

PF 
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LF155/A/156/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 

AC ELECTRICAL CHARACTERISTICS (Cont’d).TA = 25°C, Vs = ± 15V unless otherwise specified.! 


PARAMETER 

TEST 

CONDITIONS 

LF157/257 

LF357 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

SR Slew rate 

LF157A/LF157: Av = 5 

30 

50 



50 


V/mS 

GBW Gain bandwidth 



20 



20 


MHz 

product 









ts Settling times 









to 0.01% 



1.5 



1.5 


US 

en Equiv. input 









noise volt. 

Rs = ioon 









f= 100Hz 


15 



15 


nV/VRz 


f = 1000Hz 


12 



12 


nV/\/Hz 

in Equiv. input 









noise current 

f = 100Hz 


0.01 



0.01 


pA/vTiz 


f = 1000Hz 


0.01 



0.01 


pA/\/Hi 

Gin Input capacitance 

_1 


3 


_i 

3 j 


PF 


NOTE 

5. Settling time is defined here, for a unity gain inverter connection using 2kQ resistors for 
the LF155/6. It is the time required for the error voltage (the voltage at the inverting input 
pin on the amplifier) to settle to within 0.01 % of its final value from the time a 10V step input 
is applied to the inverter. FortheLF157,Av =-5, the feedback resistorfrom output to input 
is 2kn and the output step is 10V (See Settiing Time Test Circuit). 


TYPICAL DC PERFORMANCE CHARACTERISTICS (curves are for LF155. LF156and LF157 unless otherwise specified.) 


INPUT BIAS CURRENT 


INPUT BIAS CURRENT 


INPUT BIAS CURRENT 



CASE TEMPERATURE (°C) 


CASE TEMPERATURE (°C) 


COMMON-MODE VOLTAGE (V) 



SUPPLY CURRENT 



SUPPLY CURRENT 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 
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TYPrCAL DC PERFORMANCE CHARACTERISTICS (Cont d) 


LF155/A/156/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 


NEGATIVE CURRENT LIMIT 


POSITIVE CURRENT LIMIT 


POSITIVE COMMON-MODE INPUT 
VOLTAGE LIMIT 



Vs 

- 1 - 

= ±15V 

L_L_ 

L 




L 

-5 

5°C 


1 1 

1 +25°C 

l\ 1 













10 15 20 25 30 35 

OUTPUT SINK CURRENT (mA) 


5 10 15 20 25 30 35 40 

OUTPUT SOURCE CURRENT (mA) 


POSITIVE SUPPLY VOLTS (V) 


NEGATIVE COMMON-MODE INPUT 
VOLTAGE LIMIT 


OPEN LOOP VOLTAGE GAIN 


OUTPUT VOLTAGE SWING 


^-T^ = +25°C 



NEGATIVE SUPPLY VOLTS (V) 


SUPPLY VOLTAGE ( ±V) 


OUTPUT LOAD R (kll) 


TYPICAL AC PERFORMANCE CHARACTERISTICS 


GAIN BANDWIDTH 


UNITY GAIN BANDWIDTH 


NORMALIZED SLEW RATE 
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LF155/A/156/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 


TYPICAL AC PERFORMANCE CHARACTERISTICS (Contd) 

























LF155/A/156/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 


TYPrCAL AC PERFORMANCE CHARACTERISTICS (Cont d) 


BODE PLOT 


BODE PLOT 


BODE PLOT 




COMMON-MODE REJECTION 
RATIO 


POWER SUPPLY REJECTION 
RATIO 


POWER SUPPLY REJECTION 
RATIO 



FREQUENCY (Hz) 



FREQUENCY (Hz) 


5 

O 

a 



100 1k 10k 100k 1M 10M 

FREQUENCY (Hz) 


UNDISTORTED OUTPUT 
VOLTAGE SWING 


EQUIVALENT INPUT NOISE VOLTAGE 


EQUIVALENT INPUT NOISE 
VOLTAGE (EXPANDED SCALE) 



10k 100k 1M 10M 

FREQUENCY (Hz) 


! 

> 

c_ 

O 

< 

I- 

-j 

O 


Hi 

o 



1 10 100 Ik 10k 

FREQUENCY (Hz) 



UJ 

(3 

< 

O 



10 Ik 100k 

FREQUENCY (Hz) 
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OUTPUT IMPEDANCE ( n ) 
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LF155/A/156/A/157/A, LF255/256/257, 
LF355/A/356/A/367/A-T 


TYPICAL AC PERFORMANCE CHARACTERISTICS (Contd) 
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APPLICATION HINTS 

The LF155/6/7 series are op amps with JFET 
input devices. These JFETs have large re¬ 
verse breakdown voltages from gate to 
source and drain eliminating the need for 
clamps across the inputs. Therefore large 
differential input voltages can easily be 
accommodated without a large increase in 
input current. The maximum differential 
input voltage is independent of the supply 
voltages. However, neither of the input volt¬ 
ages should be allowed to exceed the neg¬ 
ative supply as this will cause large currents 
to flow which can result in a destroyed unit. 

Exceeding the negative common-mode lim¬ 
it on either input will cause a reversal of the 
phase to the output and force the amplifier 
output to the corresponding high or low 
state. Exceeding the negative common¬ 
mode limit on both inputs will force the 
amplifier output to a high state. In neither 
case does a latch occur since raising the 
input back within the common-mode range 
again puts the input stage and thus the 
amplifier in a normal operating mode. 

Exceeding the positive common-mode limit 
on a single input will not change the phase 
of the output; however, if both inputs ex¬ 


ceed the limit, the output of the amplifier will 
be forced to a high state. 

These amplifiers will operate with the 
common-mode input voltage equal to the 
positive supply. In fact, the common-mode 
voltage can exceed the positive supply by 
approximately 100mV independent of sup¬ 
ply voltage and over the full operating 
temperature range. The positive supply can 
therefore be used as a reference on an input 
as, for example, in a supply current monitor 
and/or limiter. 

Precautions should be taken to ensure that 
the power supply for the integrated circuit 
never becomes reversed in polarity or that 
the unit is not inadvertently installed back¬ 
wards In a socket as an unlimited current 
surge through the resulting forward diode 
within the IC could cause fusing of the 
internal conductors and result in a de¬ 
stroyed unit. 

Because these amplifiers are JFET rather 
than MOSFET input op amps they do not 
require special handling. 

All of the bias currents in these amplifiers 
are set by FET current sources. The drain 
currents for the amplifiers are therefore 


LF155/A/156/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 
essentially independent of supply voltage. 

As with most amplifiers, care should be 
taken with lead dress, component place¬ 
ment and supply decoupling in order to 
ensure stability. For example, resistors from 
the output to an input should be placed with 
the body close to the input to minimize 
“pickup” and maximize the frequency of the 
feedback pole by minimizing the capaci¬ 
tance from the input to ground. 

A feedback pole is created when the feed¬ 
back around any amplifier is resistive. The 
parallel resistance and capacitance from 
the input of the device (usually the inverting 
input) to ac ground set the frequency of the 
pole. In many instances the frequency of 
this pole is much greater than the expected 
3dB frequency of the closed loop gain and 
consequently there is negligible effect on 
stability margin. However, if the feedback 
pole is less than approximately six times the 
expected 3dB frequency a lead capacitor 
should be placed from the output to the 
Input of the op amp. The value of the added 
capacitor should be such that the RC time 
constant of this capacitor and the resistance 
it parallels is greater than or equal to the 
original feedback pole time constant. 


TYPICAL CIRCUIT CONNECTIONS 


Vos adjustment 



• Vos is adjusted with a 25k potentiometer 

• The potentiometer wiper is connected to V+ 

• For potentiometers with temperature 
coefficient of 100ppm/°C or less the 
additional drift with adjust is - 0.5)nV/ 
°C/mV of adjustment 

• Typical overall drift: 5 /liV/°C ± (O.SjuV/ 
°C/mV of adj.) 


DRIVING CAPACITIVE LOADS 


5k 



Due to a unique output stage design these amplifiers 
have the ability to drive large capacitive loads and still 
maintain stability. Cl max < 0.01 
Overshoot < 20% 

Setting time (ts) 2: 5fxs 


LF157. A LARGE POWER 
BW AMPLIFIER 


10k 



For distortion < 1% and a 20V p-p Vout swing 
power bandwidth is: 500kHz. 


sjgnDtics 
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TYPICAL APPLICATIONS 


LF155/A/156/A/157/A, LF255/256/257, 
LF355/A/356/A/357/A-T 


HIGH IMPEDANCE, LOW DRIFT 
INSTRUMENTATION AMPLIFIER 


HIGH ACCURACY SAMPLE AND HOLD 


A3 6 I 

LM108A* -O VOUT 




By closing the loop through A2 the Vqut accuracy will be determined uniquely by 
A1. No Vos adjust required for A2. 

Ta can be estimated by same considerations as previously but, because of the 
added on propagation delay in the feedback loop (A2) the overshoot is not 
negligible. 

Overall system slower than fast sample and hold. 

R1, Cc: additional compensation 
Use LF156 for 
A Fast settling time 
A Low Vos 


R3 r2R2 “1 


HIGH Q NOTCH FILTER 


AV, V- +2V < ViN Common-Mode < V+ 


• System Vos adjusted via A2 Vos adjust 

• Trim R3 to boost up CMRR to 120dB. 


FAST LOGARITHMIC CONVERTER 



R2< 




i Li 




1^15^ 

( 

3 

J 1— 


V 

JL 
o — 


r R2"lkT r Fir 1 1 

iVouTh 1 + — — In Vi --T =logV| — 

L L^ref RjJ Rj Ir 

R2 = 15.71, Ri = Ik, 0.3%°C (for temperature compensation) 

Dynamic range: lOO/xA < h < 1mA (5 decades, |Vol = IV/decades) 

Transient response: 3|us for A, = decades 

Cl, C2, R2, R3: added dynamic compensation 

Vos adjust the LF156 to minimize quiescent error 

Rt: Tel Labs type Q81 + 0.3%/° C. 



2R1 = R = 10Ma 
2C = Cl = 300pF 

Capacitors should be matched to obtain high Q 
fNOTCH = 120Hz, notch = 55dB, Q > 180 
UseLF155for 
A Low Ib 

A Low supply current 
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LMI01 /A/201 /A/301 /A, LH2101 A/2201 A/2301 A-F,N,N-14,T 


DESCRIPTION 

The LM101, LM201, LM101A, LM201A, and 
LM301A are high performance operational 
amplifiers featuring high gain, short circuit 
protection, simplified compensation and 
excellent temperature stability. 

The LH2101 A, LH2201A, LH2301A are dual 
amplifier using two LMI01A type devices in 
the same hermetic package. All electrical 
specifications are the same as the single 
amplifiers. 

FEATURES 

• Short circuit protection 

• Offset voitage nuii capabiiity 

• Large common-mode and differentiai 
voitage ranges 

• Low power consumption 

• No iatch up 

• LM101, LM101A Mil std 883A,B,C avaii- 
abie 

• LM101A Mii std 38510 (JAN) pianned, Mil 
std M38510 processing available 


PIN CONFIGURATIONS 


F,N-14 PACKAGE 



LM101N-14 

LM201N-14 

LM101AN-14 

LM201AN-14 

LM301AN-14 


LM101AF 

LM201AF 

LM301AF 

LM101F 

LM201F 


F PACKAGE 


OUTPUT COM- t-r- 
PENSATION A 
BALANCE/ rr- 
COMPENSATION A 

INVERTING rr- 
INPUT A L±. 
NON-INVERTING 
input A 


BALANCE B Qj 
OUTPUT B [T 



INPUT B 
TT! INVERTING 

-1 INPUTS 

—-1 BALANCE/ 
ill COMPENSATION 6 
OUTPUT 

iu COMPENSATION B 

T] V^B 


ORDER PART NO. 

LH2101AF 

LH2201AF 

LH2301AF 



EQUIVALENT SCHEMATIC 
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LM101 /A/201 /A/301 /A, LH2101 A/2201 A/2301 A-F,N,N-14,T 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply Voltage 

LH2101A. LH2201A, LM101, 

±22 

V 

LM201, LM101A, LM201A 

LM301A, LH2301A 

±18 


Power dissipation^ 

500 

mW 

Differential input voltage 

±30 

V 

Input voltage2 

±15 

V 

Output short circuit duration 

Indefinite 


Operating temperature range 

LM101, LM101A, LH2101A 

-55 to +125 

®C 

LM201A, LH2201A 

-25 to +85 

°C 

LM201. LM301A, LH2301A 

0 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature (soldering 60sec) 

300 

°C 


NOTES 

1. Absolute maximum rating holds for all packages. The maximum junction temperature 
is 150°C for the LM101 and 100°C for the LM201. For operation at elevated 
temperatures, derate according to appropriate thermal resistances given under 
package information. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 


DC ELECTRICAL CHARACTERISTICS Ta = 25®C, ±5V < Vs < +20V unless otherwise specified.* 


PARAMETER 

TEST CONDITIONS 

LM101 

LM201 


Min 

Typ 

Max 

Min 



Vos 

Offset voltage 

Rs< lOkO, Cl =30pF 


1.0 

5.0 



7.5 



Over temp. 



6.0 



10 



Drift 

Rs < 50a Ci = 30pF 


3.0 



6 




Rs < lOkn 


6.0 



10 



•os 

Offset current 

Cl = 30pF 


40 

200 


100 

500 

nA 



= high, Ci = 30pF 


10 

200 




nA 



= low 


100 

500 




nA 



Over temp. 







nA 



T,V = +70°C 





50 

400 

nA 



Ta = 0»C 


IB 

Bl 

HI 

150 

750 

nA 

•bias 

Input current 

Ci = 30pF 


120 

500 

■mu 

250 

1500 

nA 



Ta=- 55°C, Ci =30pF 


280 

1500 




nA 



Ta = 0°C 




IH 

320 

2000 

HyQUi 

VCM 

Common mode voltage range 

Over temp., Vs = ±15V, Ci = 30pF 




mm 



n 

CMRR 

Common mode rejection ratio 

Rs < lOkn, Cl = 30pF, over temp. 

wm 






mu 

Rin 

Input resistance 

Ci = 30pF 

0.3 




0.4 


mm 

^VOL 

Large signal voltage gain 

Rl_ > 2kfi, VouT ±10V, Vs = ±15V 









Over temp. 

m 


m 





Supply current 

Vs = ±20V 


1.8 



1.8 

3.0 

mA 


*NOTE 

Unless otherwise specified, all specifications for LM301A are ±5V < Vs < ±15V. 


signDtics 
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LM101/A/201/A/301/A, LH2101 A/2201 A/2301 A-F,N,N-14,T 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, ±5V < Vs < +20V unless otherwise specified.* 


PARAMETER 

TEST CONDITIONS 

LM101A/LM201A/ 

LH2101A/LH2201A 

LM301A/LH2301A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

^OS 

Offset voltage 

Rs < 50ka Ci = 30pF 


0.7 

2.0 


2.0 

7.5 

mV 



Over temp. 



3.0 



10 

mV 

VqS 

Drift 

Rg == on, over temp. 


3.0 

1.5 


6.0 

30 

mV/°C 

•os 

Offset current 

Cl = 30pF 


1.5 

10 


3 

50 

nA 



Over temp. 



20 



70 

nA 

•os 

Drift 

+25° C < Ta < Tmax, Ci = 30pF 


0.01 

0.1 


0.01 

0.3 

nA/°C 



Tmin<Ta<+25°C 


0.02 

0.2 


0.02 

0.6 

nA/°C 

•bias 

Input current 

Cl - 30pF 


30 

75 


70 

250 

nA 



Over temp. 



100 



300 

nA 

^CM 

Common mode voltage range 

Over temp., Vs = ±15V, Ci = 30pF 




±12 



V 



Vs = ±20 

±15 






V 

CMRR 

Common mode rejection ratio 

Rg < 50kn, Cl 30pF, over temp. 

80 

96 


70 

90 


dB 

•^IN 

Input resistance 

Cl = 30pF 

1.5 

4 


0.5 

2 


Mn 

^VOL 

Large signal voltage gain 

Rl > 2ka VouT ±10V, Vs = ±15V 

50 

160 


25 

160 


V/mV 



Over temp. 

25 



15 



V/mV 


Supply current 

Vg = ±20V 


1.8 

3.0 




mA 



Vg = ±15V 





1.8 

3.0 

mA 


‘NOTE 

Unless otherwise specified, all specifications for LM301A are ±5V < Vs ^ ±15V. 
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LM101 /A/201 /A/301 /A, LH2101 A/2201 A/2301 A-F,N,N-14,T 


TYPCIAL PERFORMANCE CHARACTERISTICS 


INPUT VOLTAGE RANGE vs 
SUPPLY VOLTAGE 


OUTPUT SWING vs 
SUPPLY VOLTAGE 


VOLTAGE GAIN vs 
SUPPLY VOLTAGE 



VOLTAGE GAIN 


SUPPLY CURRENT 


CURRENT LIMITING 



INPUT CURRENT 





— 

LM1 

01/201 












■ 







_ 








Ta = 

25°C 


___ 

- 

■ 


1 




















SUPPLY VOLTAGE (±V) 


MAXIMUM POWER DISSIPATION 



25 45 65 85 106 125 


OPEN LOOP FREQUENCY 
RESPONSE 



1 10 100 IK 10K 100K 1M 10M 


AMBIENT TEMPERATURE ( “C) 


FREQUENCY (Hz) 


sinnotiBS 
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LM101/A/201/A/301/A, LH2101 A/2201 A/2301 A-F,N,N-14,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


LARGE SIGNAL FREQUENCY 
RESPONSE 


VOLTAGE FOLLOWER 
PULSE RESPONSE 


OPEN LOOP FREQUENCY 
RESPONSE 


_ 


_ 




r" 





'r 








\ 



\ 





\ 

Cl 

_ 

30pF 

\ c = 

3pF 





s. 


i 




r“ 


K 


rY 









V 








A 





100K 

FREQUENCY (Hz) 


0 10 20 30 40 50 60 70 

TIME (mS) 



LARGE SIGNAL FREQUENCY 
RESPONSE 


VOLTAGE FOLLOWER 
PULSE RESPONSE 
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LM101/A/201/A/301/A, LH2101 A/2201 A/2301 A-F,N,N-14,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


VOLTAGE GAIN 


SUPPLY CURRENT 


INPUT CURRENT 



CURRENT LIMITING 


INPUT NOISE VOLTAGE 


INPUT NOISE CURRENT 



0.5 10 15 20 25 30 

OUTPUT CURRENT- ttiA 



10 100 Ik 10k 100k 


FREQUENCY- Hz 



FREQUENCY- Hz 


COMMON MODE REJECTION 


POWER SUPPLY REJECTION 


CLOSED LOOP OUTPUT 
IMPEDANCE 





sjgnDtics 


31 























LM101 /A/201 /A/301 /A, LH2101 A/2201 A/2301 A-F,N,N-14,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


OPEN LOOP FREQUENCY 
RESPONSE 


LARGE SIGNAL FREQUENCY 
RESPONSE 


INVERTER PULSE RESPONSE 





VOLTAGE GAIN 


SUPPLY CURRENT 


INPUT CURRENT 
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LM101/A/201/A/301/A, LH2101 A/2201 A/2301 A-F,N,N-14,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


OPEN LOOP FREQUENCY 
RESPONSE 


VOLTAGE FOLLOWER 
PULSE RESPONSE 


LARGE SIGNAL FREQUENCY 
RESPONSE 



1 10 100 Ik 10k lOOk 1M 10M 

FREQUENCY Hz 








LM101A/LM201A 












U- 





r ■ 


— 

— 


Y 




INPU 

^1 

/ 




Y 





1 

' 

/oUTI 

UT 



1_ 

Y 




7 




1 

1 

Y 










-- 


— 

— 













GLE PC 

ILE 








Ta 

Vs 

= 25°C| 

a 

Y 


0 10 20 30 40 SO 60 70 80 

TIME - ns 



Ik 10k 100k IM lOM 


FREQUENCY - Hz 


OPEN LOOP FREQUENCY 
RESPONSE 


LARGE SIGNAL FREQUENCY 
RESPONSE 


VOLTAGE FOLLOWER 
PULSE RESPONSE 




FREQUENCY- Hz 


FREQUENCY— Hz 








L 

VI101/ 

_ 

VLM2 

_Y 

01A 


1 






1 




r 






_ _ 







YT 




MPUT 

, 1 




;\ 





OUT 

>UT 



Y\ 





1 




■ \ 










1 






TWO 

POLE 











_1 




±15V 

30pF 

300pF 

_ 









Cl = 
C2 = 



Brnnotics 
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LM101/A/201/A/301/A, LH2101 A/2201 A/2301 A-F,N,N-14 J 


GUARANTEED PERFORMANCE CHARACTERISTICS 


INPUT VOLTAGE RANGE 



5 10 15 20 

SUPPLY VOLTAGE -±V 



5 10 15 20 

SUPPLY VOLTAGE -±V 




SUPPLY VOLTAGE - ±V 


OUTPUT SWING 




5 10 15 

SUPPLY VOLTAGE - ±V 


INPUT VOLTAGE RANGE 


VOLTAGE GAIN 
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LM101/A/201/A/301/A, LH2101 A/2201 A/2301 A-F.N ,N-14,T 


COMPENSATION CIRCUITS 


SINGLE POLE 
COMPENSATION 


R2 



Cs = 30pF 


NOTE: Pin connections shown are for T package. 


TWO POLE 
COMPENSATION 


R2 




TYPICAL APPLICATIONS 


INVERTING AMPLIFIER WITH 
BALANCING CIRCUIT 


Rl R2 



tMay be zero or equal to parallel combination 
of Rl and R 2 for minimum offset. 



NOTE: Pin numbers shown refer to T or N package only. NOTE; Pin numbers shown refer to T or N package only. 





















LM107/207/307-F,N,T 


DESCRIPTION 

The LM107/207/307 is a general purpose 
internally compensated operational amplifi¬ 
er. Advanced processing techniques pro¬ 
vide input currents which are an order of 
magnitude lower than the )uA709. Standard 
pin out allows plug in replacement for the 
mA 709, LM101, LM101A, and the mA741. 

FEATURES 

• 3mV max offset voltage over temp 

• lOOnA max input current over temp 

• 20nA max input offset current over temp 

• Offsets guaranteed over common mode 
range 

• Input/oiitput short circuit protected 

• Mil std 883A,B,C available 


PIN CONFIGURATIONS 




EQUIVALENT SCHEMATIC 
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LM107/207/307-F,N,T 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



LM107 

±22 

V 

LM307 

±18 

V 

Power dissipation 

500 

mW 

Differential input voltage 

±30 

V 

Input voltage 

±15 

V 

Output short circuit duration 

Indefinite 


Operating temperature range 



LM107 

-55 to ±125 

°C 

LM207 

-25 to ±85 

°C 

LM307 

0 to ±70 

°C 

Storage temperature range 

-65 to ±150 

°C 

Lead temperature 



(soldering, 60sec) 

300 

°C 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, ±5V < Vs < ±20V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM107/LM207 

LM3074 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs <10kn 


0.7 

2.0 



■ 

mV 



Rs < lOkn, over temp. 



3.0 




mV 



Rs ^ 50kn 





2.0 


mV 



Rs ^ 50kn, over temp. 






10 

mV 

Vos 

Drift 

Rs = on, over temp. 


3.0 

15 


6.0 

30 

)uV/°C 

los 

Offset current 



1.5 

10 


3 

50 

nA 



Over temp. 



20 



70 

nA 

los 

Drift 

25° C < Ta < Tmax 


0.01 

0.1 


0.01 

0.3 

nA/°C 



Tmin < Ta < 25°C 


0.02 

0.2 


0.02 

0.6 

nA/°C 

Ibias 

Input current 



30 

75 


70 

250 

nA 



Over temp. 



100 



300 

nA 

VcM 

Common mode voltage range 

Vs = ±20V, over temp. 

±15 






■■ 



Vs = ±15V, over temp. 




±12 



■■ 

CMRR 

Common mode rejection ratio 

Rs < ±10k, over temp. 

80 

96 





dB 



Rs < 50k, over temp. 





70 

90 

dB 

Rin 

Input resistance 


1.5 

4 


0.5 

2 



Avol 

Large signal voltage gain 

Rl > 2kn, VouT ±1OV, Vs = ±15V 


160 


25 

160 


V/mV 



RL^2kn, VouT±10V, Vs=±15V, over temp. 




15 

1 


V/mV 

Supply current 

Ta -±125°C, Vs = ±20V 

_ 


2.5 




mA 


NOTES 


1. The maximum junction temperature of the LM1XX is 150°C, whilethatof theLM2XXis 
100°C. For operating at elevated temperatures, devices must be derated based on the 
thermal resistance of the package as given in the package information section. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

3. Continuous short-circuit is allowed for case temperatures to 70°C and ambient 
temperatures to 55°C. 

4. All specifications shown for LM307 are ±5\/ < Vs < ±15V. 


smnotics 
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LM107/207/307-F,N,T 


TYPICAL APPLICATIONS 



TYPICAL PERFORMANCE CHARACTERISTICS 



LM107/LM207 


INPUT VOLTAGE RANGE 

OUTPUT SWING 

VOLTAGE GAIN 













- 

yi 





y 


y" 





, LM107; -55 C<Ta< 125 C _ 



LIVI107: -55 C<Ta< 125X 


_ Liyi107: -55°C < Ta < 125°C ^ 


SUPPLY VOLTAGE (iV) 


SUPPLY VOLTAGE (tV) 


SUPPLY VOLTAGE (±V) 


INPUT VOLTAGE RANGE 


OUTPUT SWING 


VOLTAGE GAIN 







































_ 










\0^ 


y 





— 







3 
















0‘'( 

T I 

: < Ta < 70'^c 

_I_I_ 



SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 
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LM107/207/307-F,N,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


SUPPLY CURRENT 


INPUT CURRENT 


INPUT NOISE VOLTAGE 



5 10 15 20 




10 100 Ik 10k 100k 


SUPPLY VOLTAGE I'V) 


TEMPERATURE(Cl 


FREQUENCY (Hz) 



OPEN LOOP FREQUENCY 
RESPONSE 


LARGE SIGNAL FREQUENCY 
RESPONSE 


VOLTAGE FOLLOWER 
PULSE RESPONSE 



1 10 100 IK 10K 100K 1M 10M 

FREQUENCY(Hz) 




TIME ^^s) 


SH|ll0tiCS 
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LM108/A/208/A/308/A-F,N,N-14,T 

LH2108/A/2208/A/2308/A-F,N,N-14,T 


DESCRIPTION 

The LM108/108A series are precision oper¬ 
ational amplifiers having specifications a 
factor of ten better than FET amplifiers over 
their operating temperature range. In addi¬ 
tion to low input currents, these devices 
have extremely low offset voltage, making it 
possible in most cases, to eliminate offset 
adjustments. 

The LH2108 series are hybrids featuring two 
LM108A type dice in the same hermetic 
package. The electrical parameters are the 
same as the single amplifier. 


PIN CONFIGURATIONS 



F PACKAGE 


v.[T 


Tel OUTPUT A 

OUTPUT ry 
COMP A I- 


'is] NC 

INPUT 

COMP A Li- 


33 NC 

INVERTING rj- 
INPUT '- 


-1 NON-INVERTING 

III INPUT B 

NON-INVERTING fT" 
INPUT '- 


TTI INVERTING 
-lil INPUT B 

v-[T 


TT] INPUT COMP B 

Nc [y 


To] OUTPUT COMP B 

OUTPUT B [T] 


T] V + 

ORDER PART NO. 


LH2108F LH2108AF 

LH2208F LH2208AF 

LH2308F LH2308AF 


N PACKAGE 


COMP 1 [T 



T] COMP 2 

INVERTING IT 
INPUT 1— 

NON-INVERTING ["7 
INPUT*— 


T] v+ 

T] OUTPUT 

v-E 



Z] NC 

ORDER PART NO. 


LM308AN, LM108N, LM208N 

LM308N 



FEATURES 

LM108/208 

LM308 

LM108A/208A/ 

308A 

Maximum input bias current 

3.0nA over temp. 

7.0nA 

3.0nA over temp. 

Offset current 

Less than 400pA 
over temp. 

Less 

than 

I.OnA 

Less than 

400pA over temp. 

Supply current (even in saturation) 

300/xA 

300mA 

300/xA 

Guaranteed drift characteristics 



SfNrC 

Offset voltage guaranteed 

Low current error 

LM108, 208, 308, 108A Mil std 883A, 

B,C available 

LM108A Mil std M38510(JAN) planned 
LH2108A series—military qualification 
pending 



Less than O.SmV 
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LM108/A/208/A/308/A-F,N,N-14,T 

LH2108/A/2208/A/2308/A-F,N,N-14,T 


EQUIVALENT SCHEMATIC 


COMPENSATION COMPENSATION 



6.4K 500 IK 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

LH2108/LH2208 

LH2108A/LH2208A 

LM108A/208A/ 

108/208 

LM308A/308 

LH2308A/LH2308 

Supply voltage 

±20 

±18 

V 

Power dissipationi.4 

500 

500 

mW 

Differential input currents 

±10 

±10 

mA 

Input voltages 

±15 

±15 

V 

Output short-circuit duration 

Continuous 

Continuous 


Operating temperature range 




LM108, LH2108 

-55 to ±125 

0 to ±70 

°C 

LM208, LH2208 

-25 to ±85 


°C 

Storage temperature range 

-65 to ±150 

-65 to ±150 

°C 

Lead temperature (soldering 10sec) 

±300 

±300 

°C 














LM108/A/208/A/308/A-F,N,N-14,T 

LH2108/A/2208/A/2308/A-F,N,N-14.T 


NOTES 

1. The maximum junction temperature of the LM108/108A is 150°C, while that of the 
LM208/208A is 100°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 150°C/W, junction to 
ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line 
package is 100°C/W, junction to ambient. 

2. The inputs are shunted with back-to-back diodes for overvoltage protection. 
Therefore, excessive current will flow if a differential input voltage in excess of IV is 
applied between the inputs unless some limiting resistance is used. 

3. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

4. The maximum junction temperature of the LM308 is 85° C. For operation at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal 
resistance of 150° C/W, junction to ambient, or 45°C/W, junction to case. The thermal 
resistance of the dual-in-line package is 100° C/W, junction to ambient. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, ±5V < Vs < ±20V unless otherwise specified. 1.2 


PARAMETER 

TEST CONDITIONS 

LM108/LH2108 

LM208/LH2208 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs<10ka 


.7 

2.0 


0.7 

2.0 

mV 



Rs ^ 10kn, over temp. 



3.0 



3.0 

mV 

Vos 

Drift 

Rs = on, over temp. 


3.0 

15 


3.0 

15 

yuV/°C 

los 

Offset current 



0.05 

0.2 


0.05 

0.2 

nA 



Over temp. 



0.4 



0.4 

nA 

•os 

Drift 

Over temp. 


0.5 

2.5 


0.5 

2.5 

pA/°C 

•bias 

Input current 



0.8 

2.0 


0.8 

2.0 

nA 



Over temp. 



3.0 



3.0 

nA 

VcM 

Common mode voltage range 

Over temp. 

±13.5 



±13.5 



V 

CMRR 

Common mode rejection ratio 

Rs < 10kn, over temp. 

85 

100 





dB 



Rs<10ka -25 <Ta<85°C 




85 

100 


dB 

Rin 

Input resistance 


30 

70 


30 

70 


Mfi 

VOUT 

Output voltage swing 

Rl = 10kn, over temp. 

±13 

±14 


±13 

±14 


V 

•cc 

Supply current 



0.3 


0.6 

0.3 

0.6 

mA 



Ta = +125°C 


0.15 


0.4 

0.15 

0.4 

mA 

PSRR 

Supply voltage rejection ratio 

Rs ^ 10ka over temp. 

80 

96 


80 

96 


dB 



±5V < Vs < ±15V, over temp. 









Average temperature 

±5V < Vs ^ ±15V, over temp. 


3.0 



3.0 

15 

//VrC 


Coefficient of input 










Offset voltage2 










Coefficient of input 

Over temp. 


0.5 

2.5 


0.5 

2.5 

pA/°C 


Offset current i 

-i 

±5V<Vs<±15V 









NOTES 

1. The maximum junction temperature of the LM1XX is 150° C, while that of the LM2XX is 
200°C. For operating at elevated temperatures, devices must be derated based on the 
thermal resistance of the package as given in the package information section. 

2. The LM108A has a guaranteed offset voltage less than 0.5mV at 25°C and 1.0mV for 
-55°C < 125°C and Vs = ±15V. The average temperature coefficient of input offset 
voltage is guaranteed to be less than 5;uV/°C for these same conditions. 
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LM108/A/208/A/308/A-F,N,N-14,T 

LH2108/A/2208/A/2308/A-F,N,N-14,T 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, ±5V < Vs < ±20V unless otherwise specified.i .2 


PARAMETER 

TEST CONDITIONS 

LM308/LH2308 

LM108A/LH2108A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs <10kn 





0.3 

0.5 

mV 



Rs ^ lOkn, over temp. 






1.0 

mV 



Rs < 10ka ±5V < Vs < ±15V 


2.0 

7.5 




mV 



Rs < lOka ±5V < Vs < ±15V, 



10 




mV 



over temp. 








Vos 

Drift 

Rs = Oa over temp. 





1.0 

5.0 

mV/°C 



Rs = 0a ±5V<Vs<±15V, 



10 




juvrc 



over temp. 








los 

Offset current 






0.05 

0.2 

nA 



Over temp. 






0.4 

nA 



±5V< Vs<±15V 


0.2 

1 




nA 



±5V < Vs < ±15V, over temp. 



1.5 




nA 

los 

Drift 

Over temp. 





0.5 

2.5 

pA/°C 



±5V < Vs < ±15V, over temp. 


2.0 

10 




pA/°C 

Ibias 

Input current 






0.8 

2.0 

nA 



Over temp. 






3.0 

nA 



±5V< Vs<±15V 


1.5 

7.0 




nA 



Vs = ±15V, over temp. 



10 




nA 

VCM 

Common mode voltage range 

Over temp. j 




±13.5 



V 



±5V < Vs < ±15V, over temp. 

±14V 






V 

CMRR 

Common mode rejection ratio 

-1 

Rs ^ 10ka over temp. 




96 

110 


dB 



Rs S lOkn, ±5V < Vs <+15V, 

80 

100 





dB 



over temp. 








Rin 

Input resistance 


10 

40 


30 

70 



VoUT 

Output voltage swing 

Rl = 10kn, over temp. 




±13 

±14 


V 



±5V < Vs < ±15V, over temp. 

±13 

±14 





V 

Icc 

Supply current 






0.3 

0.6 

mA 



Ta = +125°C 





0.15 

0.4 

mA 



Vs = ±15V 


0.3 

0.8 




mA 

Pd 

Power consumption 

±5V< Vs<±15V 


9.0 

24 




mW 

PSRR 

Supply voltage rejection ratio 

Rs < 10ka over temp. 




96 

110 


dB 



±5V < Vs < ±15V, over temp. 

80 

96 





dB 


Average temperature 

±5V < Vs < ±15V, over temp. 





1.0 

5.0 

mV/°c 


Coefficient of input 



6.0 

30 




)uV/°C 


Offset voltage2 








mV/°c 


Coefficient of input 

Over temp. 





0.5 

2.5 

pA/°C 


Offset current 

±5V< Vs<±15V 


2,0 

1 




pA/°C 


NOTES 


1. The maximum junction temperature of the LM1XX is 150°C, while that of the LM2XX is 
200°C, For operating at elevated temperatures, devices must be derated based on the 
thermal resistance of the package as given in the package information section. 

2. The LM108A has a guaranteed offset voltage less than O.SmV at 25°C and 1.0mV for 
-55°C < 125°C and Vs = ±15V. The average temperature coefficient of input offset 
voltage is guaranteed to be less than 5^iV/°C for these same conditions. 
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LM108/A/208/A/308/A-F,N,N-14,T 

LH2108/A/2208/A/2308/A-F,N,N-14,T 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, ±5V < Vs < ±20V unless otherwise specified.i ,2 


PARAMETER 

TEST CONDITIONS 

LM208A/LH2208A 

LM308A/LH2308A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs<ioka 


0.3 

0.5 


0.3 

0.5 

mV 



Rs <1 Oka, over temp. 



1.0 



.75 

mV 

Vos 

Drift 

Rs = on, over temp. 


1.0 

5.0 


1.0 

5.0 

yuV/°C 

los 

Offset current 



0.05 

0.2 



1 

nA 



Over temp. 



0.4 



1.5 

nA 

los 

Drift 

Over temp. 


0.5 

2.5 


2.0 

10 

pA/°C 

•bias 

Input current 



0.8 

2.0 


1.5 

7.0 

nA 



Over temp. 



3.0 



10 

nA 

VcM 

Common mode voltage range 

Over temp. 

±13.5 






V 



±5V < Vs < ±15V, over temp. 




±14 



V 

CMRR 

Common mode rejection ratio 

Rs<10ka, -25 <Ta<85°C 

96 

110 





dB 



Rs < 10ka, ±5V < Vs < ±15V, 




96 

110 


dB 



over temp. 








Rin 

Input resistance 


30 

70 





Ma 



Rs < 10ka, ±5V < Vs < ±15V 




10 

40 


Ma 

VoUT 

Output voltage swing 

Rl = lOka, over temp. 

±13 

±14 


1 



V 



±5V < Vs < ±15V, over temp. 




±13 

±14 


V 

Icc 

Supply current 



0.3 

0.6 




mA 



Ta = +125‘’C 


0.15 

0.4 




mA 



Vs = ±15V i 





0.3 

0.8 

mA 

Pd 

Power consumption 

±5V<Vs<±15V 





9.0 

24 

mW 

PSRR 

Supply voltage rejection ratio 

Rs ^ 1 0ka, over temp. 

96 

110 





dB 



±5V < Vs < ±15V, over temp. 




96 

110 


dB 


Average temperature 

±5V < Vs < ±15V, over temp. 


1.0 

5.0 




mV/°C 


Coefficient of input 

Offset voltage2 






1.0 

5.0 

mV/®C 


Coefficient of input 

Over temp. 


0.5 

2.5 




pA/°C 


Offset current 

±5V<Vs<±15V 





2.0 

10 

pA/°C 


NOTES 

1. The maximum junction temperature of the LM1XX is 150° C, while that of the LM2XX is 
200° C. For operating at elevated temperatures, devices must be derated based on the 
thermal resistance of the package as given in the package information section. 

2. The LM108A has a guaranteed offset voltage less than 0.5mV at 25° C and 1.0mV for 
-55°C < 125°C and Vs = ±15V. The average temperature coefficient of input offset 
voltage is guaranteed to be less than 5)uV/°C for these same conditions. 
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LM108/A/208/A/308/A-F,N,N-14,T 

LH2108/A/2208/A/2308/A-F,N,N-14,T 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, ±5\/ < Vs < ±20V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM108/LH2108 

LM208/LH2208 

LM308/LH2308 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Avol Large signal voltage gaini 

Rl> loka 

50 

300 


50 

300 





V/mV 


Over temp. 

25 



25 






V/mV 


Vs = 15V, VouT = ±10V, I 







25 

300 


V/mV 


RL>10k 







15 



V/mV 


Over temp. 












NOTE 


1. The maximum junction temperature of the LM1XX is 150° C, while that of the LM2XX is 
200° C. For operating at elevated temperatures, devices must be derated based on the 
thermal resistance of the package as given in the package information section. 


AC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, ±5V < Vs ^ ±20V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM108A/LH2108A 

LM208A/LH2208A 

LM308A/LH2308A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Avol Large signal voltage gaini 

Rl> lokn 

80 

300 


80 

300 





V/mV 


Over temp. 

40 



40 






V/mV 


Vs = 15V, VouT = ±10V, 







80 

300 


V/mV 


Rl > 10k 







60 



V/mV 


Over temp. 












NOTE 


1. The maximum junction temperature of the LM1XX is150°C, whilethatoftheLM2XXis 
200° C. For operating at elevated temperatures, devices must be derated based on the 
thermal resistance of the package as given in the package information section. 


TYPICAL PERFORMANCE CHARACTERISTICS LM108/208 
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INPUT NOISE (nV/\/Hi) 


L M108/A/208/A/308/A- F, N, N-14 ,T 
LH2108/A/2208/A/2308/A-F, N, N-14J 


TYPJCAL PERFORMANCE CHARACTERISTICS LM108/208 (Cont d) 


INPUT NOISE VOLTAGE POWER SUPPLY REJECTION 



10 


100 
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LM108/A/208/A/308/A-F,N,N-14,T 
LH2108/A/2208/A/2308/A-F,N,N-14,T 


TYPICAL PERFORMANCE CHARACTERISTICS LM308 (Contd) 


OPEN LOOP FREQUENCY RESPONSE LARGE SIGNAL FREQUENCY RESPONSE 


VOLTAGE FOLLOWER PULSE 
RESPONSE 
























DESCRIPTION 

The LM124/SA534 series consists of four 
independent, high gain, internally frequen¬ 
cy compensated operational amplifiers de¬ 
signed specifically to operate from a single 
power supply over a wide range of volt¬ 
ages. 

The LM158 series consists of two operation¬ 
al amplifiers designed as above. Operation 
from dual supplies is also possible for both 
series and the low power supply current 
drain is independentof the magnitude of the 
power supply voltage. 

FEATURES 

• Internally frequency compensated for 
unity gain 

• Large dc voltage gain—(lOOdB) 

• Wide bandwidth (unity gain)—1 MHz 
(temperature compensated) 

• Wide power supply range 

Single supply—(3Vdc to 30Vdc) or 
dual supplies—(±1.5Vdc to ±15Vdc) 


• Very low supply current drain— 
essentially independent of supply volt¬ 
age (1mW/op amp at +5Vdc) 

• Low input biasing current—(45nAdc 
temperature compensated) 

• Low input offset voltage—(2mVdc) and 
offset current—(5nAdc) 

• Differential input voltage range equal to 
the power supply voltage 

• Large output voltage—(OVdc to V+— 
I.SVdc swing) 

• LM124 Mil std 883A,B,C available 

UNIQUE FEATURES 

In the linear mode the input common-mode 
voltage range includes ground and the out¬ 
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. 

The unity gain cross frequency is tempera¬ 
ture compensated. 

The input bias current is also temperature 
compensated. 


EQUIVALENT SCHEMATIC 



LM124/A/224/A/324/A/SA534-F,N-14,T 

LM158/A/258/A/358A-F,N,T 

PIN CONFIGURATIONS 


T PACKAGE 



ORDER PART NO. 


LM158T 

LM358T 

LM258AT 


LM258T 

LM158AT 

LM358AT 


N PACKAGE 


OUTPUT A [T 

u 


INVERTING 
INPUT A 
NON-INVERTING 
INPUT A 

V- 





~T1 v + 

Tl OUTPUT B 

E INVERTING 
INPUT B 

1 NON-INVERTING 


ORDER PART NO. 


LM158N 

LM358N 

LM258AN 


LM258N 

LM158AN 

LM358AN 


F,N-14 PACKAGE 



LM124N 

LM124F 

LM124AN 

LM124AF 

SA534N 


ORDER PART NO. 

LIVI224N 
LM224F 
LM224AN 
LM224AF 
SA534F 


LM324N 

LM324F 

LM324AN 

LM324AF 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

V+ Supply voltage 

32 or ±16 

Vdc 

Differential input voltage 

32 

Vdc 

Input voltage 

-0.3 to ±32 

Vdc 

Power dissipationi 



T package 

680 

mW 

N package 

570 

mW 

F package 

900 

mW 

Output short-circuit to GND 



1 amplifiers 

Continuous 


V+<15VdcandTA = 25°C 



Input current (Vin < -0.3\/)3 

50 

mA 

Operating temperature range 



LM324A, LM324, LM358 

O to ±70 

°C 

LM224A. LM224, LM258 

-25 to ±85 

°C 

SA534 

-40 to ±85 


LM124A, LM124, LM158 

-55 to ±125 

°C 

Storage temperature range 

-65 to ±150 

°C 

Lead temperature (soldering, 10sec) 

300 



NOTES 

1. For operating at high temperatures, all devices must be derated based on a +125°C 
maximum junction temperature and a thermal resistance of 175°C/W which applies 
for the device soldered in a printed circuit board, operating in a still air ambient. 
LM124/224 and LM158/258 can be derated based on a +150°C maximum junction 
temperature. 

2. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of \/+. At values of supply voltage in excess of +15Vdc continuous short- 
circuits can exceed the power dissipation ratings and cause eventual destruction. 

3. The direction of the input current is out of the 1C due to the PNP input stage. This 
current is essentially constant, independent of the state of the output, so no loading 
change exists on the input lines. 


50 


SiJIllDtiCS 














LM124/A/224/A/324/A/SA534-F,N-14,T 
L M158/A/258/A/358A-F, N ,T 

DC ELECTRICAL CHARACTERISTICS (Cont’d) V+ = 5V, Ta = 25°C unless otherwise specifiexl. 


PARAMETER 

TEST CONDITIONS 

LM124A 

LM224A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltagei 

Rs<10kn 


1 

2 


1 

3 

mV 



Rs < 10ka, over temp. 



4 



4 

mV 

Vos 

Drift 

Rs - on, over temp. 


7 

20 


7 

20 

mV/°C 

•bias 

Input current2 

Iin(+) - Iin(-) 


20 

50 


40 

80 

nA 



Iin(+) - Iin(-), over temp. 


40 

100 


40 

100 

nA 

los 

Offset current 

Iin(+) - Iin(-) 


2 

10 


2 

15 

nA 



Iin(+) - Iin(-), over temp. 



30 



30 

nA 

los 

Drift 

over temp. 


10 

200 


10 

200 

pA/°C 

VCM 

Common mode voltage ranges 

V+ = 30V 

0 


V+-1.5 

0 


V+-1.5 

V 



V+ = 30V, over temp. 

0 


V+-2 

0 


V+-2 

V 

Cmrr 

Common mode rejection ratio 


70 

85 


70 

85 


dB 

VoUT 

Output voltage swing 

Rl = 2kn, V+ = +30V, over temp. 

26 



26 



V 

VOH 


Rl < lOka, over temp 

27 

28 


27 

28 


V 

VoL 


Rl < 10kn, V+ = 5V, over temp. 


5 

20 


5 

20 

V 

Icc 

Supply current 

Rl = Vcc ^ 30V, over temp. 


1.5 

3 


1.5 

3 

mA 



Rl = on all op amps, 


0.7 

1.2 


0.7 

1.2 

mA 



over temp. 








Avol 

Large signal voltage gain 

V+ = +15V (for large Vo swing). 

50 

100 


50 

100 


V/mV 



Rl > 2ka 










V+=+15V (for large Vo swing), 

25 



25 



V/mV 



Rl > 2ka, over temp. 









AmpI ifier-to-ampi ifier 

f = 1kHz to 20kHz, 


-120 



-120 


dB 


coupling^ 

input referred 








PSRR 

Rs < 10ka 

65 

100 


65 

100 


dB 


Output current 










Source 

ViN+ = +1 Vdc, V|N- = OVdc, 










V+= 15Vdc 

20 

40 


20 

40 


mA 



ViN+=+1 Vdc, ViN-= OVdc, 










V+ = 15Vdc, over temp. 

10 

20 


10 

20 


mA 


Sink 

ViN- = +1Vdc, ViN+ = OVdc, 










V+ = 15Vdc 

10 

20 


10 

20 


mA 



ViN- = +1Vdc, ViN+ = OVdc, 










VH- == 15Vdc, over temp. 

10 

15 


5 

8 


mA 



ViN- = +1Vdc, Vo = 200mV 

12 

50 


12 

50 


mA 

isc 

Short circuit current4 



40 

60 


40 

60 

mA 

Differential input voltages 




V+ 



V+ 

V 


NOTES 

1. Vo - 1.4Vdc, Rs = on with V+ from 5V to 30V and over full input common mode range 
(OVdc+ to V+ -1.5V). 

2. The direction of the input current is out of the 1C due to the pnp input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V-l- -1.5, but either or both inputs can go to +32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of \/+. At values of supply voltage in excess of +15Vdc continous short- 
circuits can'exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage. 
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LM124/A/224/A/324/A/SA534-F,N-14,T 
L M158/A/258/A/358A-F, N ,T 

DC ELECTRICAL CHARACTERISTICS (Cont’d) V+ = 5V, Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM324A 

LM124/LM224/ 

LM158/LM258 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos Offset voltagei 

Rs<10kn 




|B|I 

B 


mV 


Rs < 10kn, over temp. 





Bl 


mV 

Vos Drift 

Rs = on, over temp. 




m 



mV/°C 

Ibias Input current2 

Iin(+) - Iin(-) 


45 

100 


45 

150 

nA 


Iin(+) - Iin(-), over temp. 


40 

200 



300 

nA 

los Offset current 

Iin(+) - Iin(-) 


5 

30 

mi 

IBI 


nA 


Iin(+) - Iin(-), over temp. 



75 




nA 

los Drift 

over temp. 


10 

300 

iiiim 



pA/°C 

VcM Common mode voltage ranges 

V+ = 30V 

0 


V+-1.5 

0 



B 


V+ = 30V, over temp. 

0 


V+-2 

0 



Ha 

Cmrr Common mode rejection ratio 


65 

85 


70 

85 


Ha 

VouT Output voltage swing 

Rl = 2kn, V+ - +30V, over temp. 

26 







VOH 

Rl < 10kn, over temp 

27 

28 



28 



VoL 

Rl ^ 10kn, V+ = 5V, over temp. 


5 

20 


5 



Icc Supply current 

Rl = ", Vcc = 30V, over temp. 

■■■ 

la 

n 


1.5 

131 



Rl = ", on all op amps. 



Ha 


0.7 




over temp. 

HH 

nn 

aH 





Avol Large signal voltage gain 

V+ = +15V (for large Vo swing), 

25 




100 

BH 

V/mV 


Rl > 2kn 









V+ = +15V (for large Vo swing). 

15 






V/mV 


Rl ^ 2kn, over temp. 








Amplifier-to-amplifier 

f = 1kHz to 20kHz, 

, 

-120 

m 




B 

coupling4 

Input referred 







B 

PSRR 

Rs < lOkn 

65 

100 


65 

100 


dB 

Output current 









Source 

ViN+ = +1Vdc, ViN- = 0Vdc, 

20 

40 


20 

40 


mA 

. 

V+ = 15Vdc 









ViN+ = +1Vdc, ViN- = 0Vdc, 

10 

20 


10 

20 


mA 


V+ = 15Vdc, over temp. 








Sink 

ViN- = +1Vdc, ViN+ = OVdc, 

10 

20 


10 

20 


mA 


V+ = 15Vdc 









ViN- = +1Vdc, ViN+ = OVdc, 

5 

8 


5 

8 


mA 


V+ = 15Vdc, over temp. 









ViN- = +1 Vdc, Vo = 200mV 

12 

50 


12 

50 


iuA 

Isc Short circuit current^ 



40 

60 


40 

60 

mA 

Differential input voltages 




V+ 



V+ 

V 


NOTES 

1. Vo = 1.4Vdc, Rs = 0n with V+ from 5V to 30V and over full input common mode range 
(OVdc+to V+-1.5V). 

2. The direction of the input current is out of the 1C due to the pnp input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5, but either or both inputs can go to +32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continous short- 
circuits can exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage. 
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I BIAS 


los 

I OS 
VCM 

Cmrr 

VOUT 

VOH 

VOL 

Icc 


Avol 


PSRR 


Input currents 
Offset current 

Drift _ 

Common mode voltage ranges 

Common mode rejection ratio 
Output voltage swing 


Supply current 


Large signal voltage gain 


Amplifier-to-amplifier 

coupling^ 


Output current 
Source 


Sink 


Short circuit current^ 
Differential input voltages 


Iin(+) - Iin(-) 

Iin(+) - Iin(-), over temp. 


Iin(+) - Iin(-) 

Iin(+) - Iin(-), over temp. 
_over temp. 


V+ = 30V 

V+ = 30V, over temp. 


0 

0 

65 


Rl = 2kn, V+ = +30V, over temp. 

Rl < 10kn, over temp 
Rl < 10ka, V+ = 5V. over temp. 


Rl = ", Vcc = 30V, over temp. 
Rl = ", on all op amps, 
over temp. 


V+ = +15V (for large Vo swing), 

RL>2kn 

V+ = +15V (for large Vo swing), 
Rl ^ 2kn, over temp. 


f = 1kHz to 20kHz, 
input referred 

Rs< 10ka 


65 


ViN+ = +1Vdc, ViN- = OVdc, 
V+=15Vdc 

ViN+ = +1Vdc, ViN- = 0Vdc, 
V+ = 15Vdc, over temp. 
ViN- = -hlVdc, ViN+ = OVdc, 
V+ = 15Vdc 

ViN- = +1Vdc, ViN+ = 0Vdc, 
V+ = 15Vdc, over temp. 
ViN- = +1Vdc, Vo=^200mV 


NOTES 

1. Vo = 1.4Vdc, Rs = on with V+ from 5V to 30V and over full input common mode range 
(OVdc+ to V+ -1.5V). 

2. The direction of the input current is out of the 1C due to the pnp input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5, but either or both inputs can go to +32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continous short- 
circuits can exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage. 
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LM124/A/224/A/324/A/SA534-F,N-14,T 
LM158/A/258/A/358A-F,N,T 

DC ELECTRICAL CHARACTERISTICS V+= 5V, Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM158A 

LM258A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltaget 

Rs < 10ka 


mm 


m 

1 

— 

3 

mV 



Rs < 10kn, over temp. 






4 

mV 

Vos 

Drift 

Rs = on, over temp. 

m 

H 

15 

im 

7 

15 

mV/^C 

Ibias 

Input current2 

I|N(+) - : 


20 

50 

mui 

40 

80 

nA 



Iin(+) - Iin(-), over temp. 


40 

100 

im 

40 

100 

nA 

los 

Offset current 

Iin(+) - Iin(-) 


2 

10 


2 

15 

nA 



Iin(+) - Iin(-), over temp. 



30 



30 

nA 

los 

Drift 

over temp. 


10 



10 


pA/^C 

VcM 

Common mode voltage range® 

V+ = 30V 

0 


V+-1.5 

0 


V+-1.5 

V 



V+ = 30V, over temp. 

0 


V+-2 

0 


V-f-2 

V 

Cmrr 

Common mode rejection ratio 


70 

85 


70 

85 


dB 

VoUT 

Output voltage swing 

Rl = 2kn, V+ = +30V, over temp. 




26 



■■ 

VOH 


Rl 10kn, over temp 




27 




VoL 


Rl ^ 10kn, V+ = 5V, over temp. 







■1 

Icc 

Supply current 

Rl = Vcc = 30V, over temp. 



3 

mi 

1.5 

mm 

IIIQQH 



Rl = on all op amps, 



1.2 


0.7 





over temp. 

mi 



mu 



mm 

Avol 

Large signal voltage gain 

V+ = +15V (for large Vo swing), 

50 


nm 



■in 

V/mV 



Rl > 2kn 










V+ = +15V (for large Vo swing). 

25 






V/mV 



Rl > 2kn, over temp. 


■■ 

imii 






Amplifier-to-amplifier 

f = 1kHz to 20kHz, 


BIS 

■m 


-120 


dB 


coupling4 

Input referred 


mu 

mi 





PSRR 

Rs < lOkn 


■Bl 


65 



dB 


Output current 

’ 









Source 

ViN+ = +1Vdc, ViN- = 0Vdc, 

20 

40 


20 

40 


mA 



V+ = 15Vdc 










ViN+ = +1Vdc, ViN- = 0Vdc, 

10 

20 


10 

20 


mA 



V+= 15Vdc, over temp. 









Sink 

ViN- = +1Vdc, ViN+ = OVdc, 

10 

20 


10 

20 


mA 



V+ = 15Vdc 










ViN- = +1 Vdc, ViN+ = OVdc, 

5 

8 


5 

8 


mA 



V+ = 15Vdc, over temp. 










ViN- = +1Vdc, Vo = 200mV 

12 

50 


12 

50 


mA , 

ISG 

Short circuit current4 




iS^II 


40 

60 

mA 

Differential input voltage® 

i 


■1 

ijlQIll 



V+ 

V 


NOTES 

1. Vo = 1.4Vdc, Rs = on with V+ from 5V to 30V and over full input common mode range 
(OVdc+ to V+ -1.5V). 

2. The direction of the input current is out of the IC due to the pnp input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5, but either or both inputs can go to +32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continous short- 
circuits can exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage. 
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DC ELECTRICAL CHARACTERISTICS 


LM124/A/224/A/324/A/SA534-F,N-14,T 
LM158/A/258/A/358A-F,N,T 

(Cont’d) V+ = 5V, Ta = 25°C unless otherwise specified. 


PARAMETER 


TEST CONDITIONS 


LM358A 


Min 


Typ 


Max 


UNIT 


Vos Offset voltage"! 

Vos Drift 


Rs < 10kn 

Rs < 10kn, over temp. 
Rs = on, over temp. 


3 

5 

20 


mV 

mV 

mV/°C 


Ibias Input currents 


los 

los 


Icc 


PSRR 


I sc 


Offset current 
Drift 


VcM Common mode voltage ranges 

Cmrr Common mode rejection ratio 


VouT Output voltage swing 

VoH 

VoL 


Supply current 


Avol Large signal voltage gain 


Amplifier-to-amplifier 

coupling4 


Output current 
Source 


Sink 


Short circuit current4 


Differential input voltage® 


Iin(+) - Iin(-) 

Iin(+) - I(n(-), over temp. 


Iin(+) - Iin(-) 

Iin(+) - Iin(-), over temp. 
_over temp. 


V+ = 30V 

V+ = 30V, over temp. 


Rl = 2kn, V+ = +30V, over temp. 

Rl ^ 10kn, over temp 
Rl < 10kn, V+ = 5V, over temp. 


Rl = Vcc = 30V, over temp. 
Rl = ", on all op amps, 
over temp. 


V+ = +15V (for large Vo swing), 

RL>2kn 

V+ = +15V (for large Vo swing), 
Rl > 2ka, over temp. 


f = 1kHz to 20kHz, 
input referred 


Rs < lOkn 


ViN+ = +1Vdc, ViN- = 0Vdc, 
V+ = 15Vdc 

ViN+ = +1 Vdc, ViN- = OVdc, 
V+ = 15Vdc, over temp. 
ViN- = +1Vdc, V|N+ = OVdc, 
V+ = 15 Vdc 

ViN- = +1Vdc, ViN+ = OVdc, 
V+ = 15Vdc, over temp. 
ViN- = +1Vdc, Vo = 200mV 


0 

0 

65 


26 

27 


25 

15 


65 


20 

10 

10 

5 

12 


45 

40 


10 


85 


28 

5 


1.5 

0.7 


100 


-120 


100 


40 

20 

20 

8 

50 


40 


NOTES 

1. Vo - 1.4Vdc, Rs = on with V+ from 5V to 30V and over full input common mode range 
(OVdc+to V+-1.5V). 

2. The direction of the input current is out of the (C due to the pnp input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the input lines. 

3. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5, but either or both inputs can go to +32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continous short- 
circuits can exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V, The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage. 
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LM124/A/224/A/324/A/SA534-F,N-14,T 
LM158/A/258/A/368A-F,N,T 


TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY CURRENT 


INPUT CURRENT 


CURRENT LIMITING 



0 10 20 30 40 

SUPPLY VOLTAGE (Vdc) 



0 10 20 30 40 

SUPPLY VOLTAGE (Vdc) 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE(°C) 


VOLTAGE GAIN 



0 10 20 30 40 

SUPPLY VOLTAGE (Vdc) 


COMMON-MODE REJECTION RATIO 



100 IK 10K 100K 1M 

FREQUENCY (Hz) 



1 10 100 IK 10K 100K 1M 10M 


FREQUENCY (Hz) 


LARGE SIGNAL 
FREQUENCY RESPONSE 



10K 100K 

FREQUENCY (Hz) 


VOLTAGE FOLLOWER 
PULSE RESPONSE 
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MC1456/1556-F,N,T 


DESCRIPTION 

The MCI456/1556 is an internally compen¬ 
sated precision monolithic operational am¬ 
plifier featuring extremely low offset and 
bias currents and offset null capability. The 
MCI456/1556 is short circuit protected and 
its high common mode and differential in¬ 
put voltage range provides exceptional per¬ 
formance when used as an integrator, sum¬ 
ming amplifier, and voltage follower. 


OFFSET ADJUST CIRCUIT 


v+ 



EQUIVALENT SCHEMATIC 


PIN CONFIGURATIONS 



FEATURES 

• Low input bias current—15nA maximum 

• Low input offset current—2.0nA maxi¬ 
mum 

• Low input offset voltage—4.0mV maxi¬ 
mum 

• High slew rate—2.5V//us typical 

• Large power bandwidth—40kHz typical 

• Low power consumption—45mW maxi¬ 
mum 

• Offset voltage null capability 

• Output short circuit protection 

• Input over-voltage protection 

• Mil std 883A,B>C, available 



7 
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MC1456/1556-F,N,T 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Power supply voltage MCI556 

±22 

V 

MC1456 

±18 

V 

Differential input voltage 

± Vcc 

V 

Common mode Input voltage 

± Vcc 

V 

Load current 

20 

mA 

Output short circuit duration 

Continuous 


Power dissipation I 

680 

mW 

Derate above Ta = 25° C 

4.6 

mW/°C 

Operating temperature range 

MCI 556 

-55 to ±125 

°C 

MCI 456 

0 to ±70 

°C 

Storage temperature range 
_^_1 

-65 to ±150 

°C 


DC ELECTRICAL CHARACTERISTICS Ta = 25° C, Vs = ± 15V unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

MC1556 

MC1456 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

h" ■" ..—--- 


2.0 

4.0 


5.0 

10.0 

mVdc 



Over temperature 



6.0 



14.0 

mVdc 

los 

Offset current 



1.0 

2.0 


5.0 

10.0 

nA 



0°C<Ta<70°C 






14 

nA 



25°C<Ta<125°C 



3.0 




nA 



-55°C<Ta<25°C 



5.0 




nA _ 

Ibias 

Input current 



8.0 

15 


15.0 

30.0 

nA 



Over temperature 



30 



40 

nA 

VcM 

Common mode voltage range 


±12 

±13 


±11 

±12 


V 

CMRR Common mode rejection 

Rs<10ka Ta = 25° C. f = 100 Hz 

80 

110 


70 

110 


dB 


ratio 









ZiN 

Common mode input 

f = 20Hz 


250 



250 


Ma 


impedance 









VOUT 

Output voltage swing 

Rl = 2kn 

±12 

±13 


±11 

±12 


V 

icc 

Supply current 



1.0 

1.5 


1.3 

3.0 

mA 

Pd 

DC quiescent power 



30 

45 


40 

90 

mW 


dissipation (Vo = 0) 









PSRR 

Supply voltage rejection 

Rs < lOkO 


50 

100 


75 

200 

mV/V 


ratio 










Large signal voltage gain 

Rl < 2kn, VouT = ±10V, Ta = 25° C 

100 

200 


70 

100 


V/mV 



Over temperature 

40 



40 



V/mV 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ± 15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

MC1556 

MC1456 

UNIT 

Min 

Typ 

WMM 


■oil 

ISE9 

Differential input impedance 






■■ 

mu 


Cp Parallel input capacitance 

Open loop f = 20Hz 


6.0 






rp Parallel input resistance 



5 



mm 



en Equivalent input noise 

Av = 100, Rs = lOka, f = 1.0kHz, 





WM 



voltage 

BW = 1.0Hz 


45 



mm 

Im 


BWp Power bandwidth 

Av = 1, Rl = 2ka, THD < 5% 









VoUT = ±10V 


40 



40 


kHz 

Phase margin (open loop, 



70 



70 


degrees 

unity gain) 









Gain margin 



18 



18 


dB 

Sr Slew rate (unity gain) 



2.5 



2.5 


V//usec 

ZouT Output impedance 

f = 20Hz 


1.0 

2.0 


1.0 

2.5 

ka 

BW Unity gain crossover 



1.0 



1.0 


MHz 

frequency (open loop) 
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MC1456/1556-F,N,T 


TYPICAL PERFORMANCE CHARACTERISTICS 



Bignotics 
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/uA741/74lC/SA741C, 
MCI 458/1558/SA1458-F,N,T 


DESCRIPTION 

The juA741 is a high performance operation¬ 
al amplifier with high open loop gain, inter¬ 
nal compensation, high common mode 
range and exceptional temperature stabili¬ 
ty. The juA741 is short-circuit protected and 
allows for nulling of offset voltage. 

The MC1558/MCI 458/SA1458 consist of a 
pair of 741 operational amplifiers on a single 
chip. 

FEATURES 

• Internal frequency compensation 

• Short circuit protection 

• Excellent temperature stability 

• High input voltage range 

• No latch-up 

• 1558/1458 are 2 “op amps” in space of 
one 741 package 

• MCI558 Mil std 883A,B,C available 

• mA 741 Mil std 883A,B,C available 


PIN CONFIGURATIONS 


F,N-14 PACKAGE 



ORDER PART NO. 

mA741F 

mA741N-14 

/uA741CF 

mA741CN-14 

SA741CF 

SA741CN-14 


T PACKAGE 



ORDER PART NO. 

mA741T 

mA741CT 

SA741CT 

N PACKAGE 



ORDER PART NO. 

mA741N 

juA74lCN 

SA741CN 


F,N-14 PACKAGE 



ORDER PART NO. 

MC1458F 

MC1658F 

SA1458F , 

MC1458N-14 

MC1558N-14 

SA1458N-14 

T PACKAGE 


V + 



V - 


ORDER PART NO. 

MC1458T 

MC1558T 

SA1458T 

N PACKAGE 



ORDER PART NO. 

MC1458N 

MC1568N 

SA1458N 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



SA741C, iuA741C, 

±18 

V 

MC1458, SA1458 

mA741, MC1558 

±22 

V 

Internal power dissipation, N-14 

600 

mW 

N package 

500 

mW 

T package"! 

800 

mW 

F package 

1000 

mW 

Differential input voltage 

±30 

V 

Input voltage2 

±15 

V 

Output short-circuit duration 

Continuous 


Operating temperature range 



iuA741C, MC1458 

0 to ±70 

°C 

SA741C, SA1458 

-40 to ±85 

°C 

yuA741,MC1558 

-55 to ±125 

°C 

Storage temperature range 

-65 to ±150 


Lead temperature (soldering 60sec) 

300 

°C 


NOTES 


1. Ratings based on thermal resistances, junction to ambient, of 208°C/W, 240°C/W, 
150°C/W, 110°C/W for N-14, N, T and F packages respectively, and a maximum 
junction temperature of 150°C. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 
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/uA741 /741C/SA741C, 
MCI 458/1558/SA1458-F,N,T 

DC ELECTRICAL CHARACTERISTICS Ta = 25° C, Vs = ±15V, unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

mA741 

mA741C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs =lOkn 


1.0 

5.0 


2.0 

6.0 

mV 



Rs = lOkn, over temp. 


1.0 

6.0 



7.5 

mV 

los 

Offset current 



20 

200 


20 

200 

nA 



Over temp. 






300 

nA 



Ta = +125°C 


7.0 

200 




nA 



Ta = -55°C 


20 

500 




nA 

•bias 

Input bias current 



80 

500 


80 

500 

nA 



Over temp. 






800 

nA 



Ta = +125°C 


30 

500 




nA 



Ta = -55° C 


300 

1500 




nA 

VoUT 

Output voltage swing 

Rl = 10 kn 

±12 

±14 


±12 

±14 


V 



Rl = 2kn, over temp. 

±10 

±13 


±10 

±13 


V 

A VOL 

Large signal voltage gain 

RL = 2ka Vo = ±10V 

50 

200 


20 

200 


V/mV 



Rl = 2 kn , Vo = ±1OV, over temp. 

25 



15 



V/mV 

Offset voltage adjustment 
range 



±30 



±30 


mV 

PSRR 

Supply voltage rejection ratio 

Rs <10 kn 





10 

150 

/xV/V 



Rs ^ lOkn, over temp. 


10 

150 




juV/V 

CMRR 

Common mode rejection ratio 








dB 



Over temp. 

70 

90 





dB 

Icc 

Supply current 


. 

1.4 

2.8 


1.4 

2.8 

mA 



Ta = +125°C 


1.5 

2.5 




mA 



Ta = -55°C 


2.0 

3.3 




mA 

ViN 

Input voltage range 

(^tA741, over temp.) 

±12 

±13 


±12 

±13 


V 

Rin 

Input resistance 


0.3 

2.0 


0.3 

2.0 


MO 

Pd 

Power consumption 



50 

85 


50 

85 

mW 



Ta = +125°C 


45 

75 




mW 



Ta = -55°C 


45 

100 




mW 

Rout 

Output resistance 



75 



75 


n 

isc 

Output short-circuit current 



25 



25 


mA 
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juA/4 I/»H I O/oAf 4 I L>, 

MC1458/1558/SA1458-F,N,T 

DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, Vs = ±15V, unless otherwise specified. 


PARAMETER 

— 

TEST CONDITIONS 

SA741C 

MCI 558 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs = iokn 


2.0 

6.0 


1.0 

5.0 

mV 



Rs = lOkn. over temp. 



7.5 



6.0 

mV 

los 

Offset current 



20 

200 


20 

200 

nA 



Over temp. 



500 



500 

nA 

•bias 

Input bias current 



80 

500 


80 

500 

nA 



Over temp. 



1500 



1500 

nA 

VOUT 

Output voltage swing 

Rl = lOkn 

±12 

±14 


±12 

±14 


V 



Rl = 2kn, over temp. 

±10 

±13 


±10 

. 

±13 


V 

Avol 

Large signal voltage gain 

RL = 2ka Vo = ±10V 

20 

200 


50 

100 


V/mV 



Rl - 2kn, Vo = ±1OV, over temp. 

15 



25 



V/mV 

Offset voltage adjustment 
range 



±30 



±30 


mV 

PSRR 

Supply voltage rejection ratio 

Rs <lOka 


10 



30 



CMRR 

Common mode rejection ratio 






70 


dB 

Icc 

Supply current 



1.4 

2.8 


mam 

IQH 

mA 

V|N 

Input voltage range 

{|xA^A^, over temp.) 

±12 

±13 


±12 


■■I 


Rin 

Input resistance 


0.3 

2.0 




in 


Pd 

Power consumption 

■HllllllfllH 

|||||■|[|| 

50 

85 


70 

150 

mW 


Channel separation 






120 


dB 

Rout 

Output resistance 



75 





a 

Isc 

Output short-circuit current 



25 



25 


mA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, Vs = ±15V, unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

MC1458 

SA1458 

UNIT 

Min 

Typ 

Max 

Min 



Vos 

Offset voltage 

Rs = 10kn 


2.0 

6.0 







Rs = lOkn, over temp. 



7.5 





los 

Offset current 



20 

200 


20 

200 

nA 



Over temp. 



300 



500 

nA 

Ibias 

Input bias current 



80 

500 


80 

500 

nA 



Over temp. 



800 



1500 

nA 

VoUT 

Output voltage swing 

Rl = 10ka 

±12 

±14 


±12 

±14 


V 



Rl = 2kn, over temp. 

±10 

±13 


±10 

±13 


V 

Avol 

Large signal voltage gain 

RL = 2kn, Vo = ±10V 

25 

200 


25 

200 


V/mV 



Rl = 2kn, Vo = ±1OV, over temp. 

15 



15 



V/mV 


Offset voltage adjustment 



±30 



±30 


mV 


range 









PSRR 

Supply voltage rejection ratio 

Rs <lOkn 


30 

170 


30 

150 

mV/V 

CMRR 

Common mode rejection ratio 



70 

90 


70 

90 

dB 

Icc 

Supply current 



2.3 

5.0 


2.3 

5.6 

mA 

ViN 

Input voltage range 

(/iA741, over temp.) 

±12 

±13 


±12 

±13 


V 

Rin 

Input resistance 








Mn 

Pd 

Power consumption 



70 

170 


70 

170 

mW 


Channel separation 



120 



120 


dB 

Isc 

Output short-circuit current 



25 



25 


mA 
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mA741/741C/SA741C, 
MCI 458/1558/SA1458-F, NT 

AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V, unless Otherwise Specified. 


PARAMETER 

TEST CONDITIONS 

/iA741, )uA741C, 
SA741C 

MC1558, MCI 458, 
SA1458 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Parallei input resistance 

Open loop, f = 20Hz 




0.3 



MO 

Parallel input capacitance 

Open loop, f = 20Hz 


1.4 





PF 

Common mode input impedance 

f = 20Hz 





200 


Ma 

Equivalent input noise voltage 

Av = 100, Rs = lOkn, Bw = 1.0kHz 





45 


nWHz 


f= 1.0kHz 








Power bandwidth 

Av = 1, Rl = 2.0kn, THD < 5% 





14 


kHz 


VouT = 20Vp-p 








Phase margin 






65 


degrees 

Gain margin 






11 


dB 

Unity gain crossover frequency 

Open loop 


1.0 



1.0 


MHz 

Transient response unity gain 

ViN = 20mV, Rl = 2kn, Cl < lOOpf 








Rise time 



0.3 



0.3 


MS 

Overshoot 



5.0 



5.0 


% 

Slew rate 

C < lOOpf, Rl > 2k, Vin = ±10V 


0.5 



0.8 


V/^s 


TYPICAL PERFORMANCE CHARACTERISTICS 



64 


sfgnDtics 











^A741/741C/SA741C, 
MC1458/1558/SA1458-F, N ,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


INPUT OFFSET CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 



Vs = 

+ 15V 




n 































1 

















_ 







■ 

_ 











' 


—- 

-— 

;;;; _ 


TEMPERATURE C 




LOAD RESISTANCE - kSJ 


OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
FREQUENCY 


INPUT NOISE CURRENT 
AS A FUNCTION OF 
FREQUENCY 



Vs = ±15V 
Ta=25C 





















_1 



10 100 IK 10K 100K 


Vs = ±15V 

Ta =-25 C 













■ 








10 100 IK 10K 100K 


TEMPERATURE C 


FREQUENCY-Hz 


FREQUENCY - Hz 


BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 


OPEN LOOP PHASE RESPONSE 
AS A FUNCTION OF 
FREQUENCY 




1 10 100 IK 10K 100K 1M 10M 



SOURCE RESISTANCE-S2 


FREQUENCY-Hz 


FREQUENCY-Hz 
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VOUT OUTPUT VOLTAGE (Vp-p) 



TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


^A741/741C/SA741C, 
M C1458/1558/S A1458- F, N, T 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 
FREQUENCY 




FREQUENCY-Hz 


FREQUENCY-Hz 


TRANSIENT RESPONSE 



0 0.5 1.0 1.5 2.0 2.5 


TIME -mS 


POWER BANDWIDTH 
(Large Signal Swing vs Frequency) 

28 

24 

20 

16 

12 

8.0 

4.0 

0 

10 100 1.0k 10K 100K 

f. FREQUENCY (Hz) 




















\ 




\ 

(VOLTAGE 
+ 15 VOLl 
THC 

FOLLOWER 
r SUPPLIES 

1 < 5% 
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NE/SE515-F,K,N 


DESCRIPTION 

The 515 is a general purpose high-gain 
amplifier with differential input and output. 
It is fabricated within a monolithic silicon 
substrate by planar and epitaxial tech¬ 
niques. A pair of compensation points is 
provided to allow frequency compensation 
for stable closed loop operation. 

This device is not internally referenced to 
ground and with proper input bias may be 
operated from a single power supply. 


FEATURES 

• Differential voltage gain (open loop) = 
4,500 

• Input offset voltage = O.SmV 

• Input offset voltage stability = S.OmV/^C 

• Input common mode range = 1.5V, -1 .OV 

• Common mode rejection ratio = lOOdB 

• Bandwidth (open loop) = 1.0MHz 

• Mil std 883A,B,C available 


EQUIVALENT SCHEMATIC 



PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Voltage 



Applied {V+ to V-) 

12 

V 

Differential Input (V5 to V7) 

±5.0 

V 

Current 



Input ( I5, I7) 

±2.0 

mA 

Output (I 2 , ho) 

±30 

mA 

Temperature range 


°C 

Operating 

0 to ±75 


Storage 

-65 to ±150 


Junction 

150 



Maximum ratings are limiting values above which serviceability may be impaired. 
Pin numbers refer to K package. 


smnDtics 
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NE/SE515-F,K,N 


DC ELECTRICAL CHARACTERISTICS Ta = 25 °C, V? = OV, Vi ?= 3 ; 0 V unless otherwise specified. 1,2,3,4,5,6,7,8,9,10,11 


PARAMETER 

TEST CONDITIONS 

SE515 (V 6 = +4V) 

SE515 (Ve = 

+ 6 V) 

UNITS 



Max 

Min 

Typ 

Max 

Open loop voltage gain 2 



2500 


3500 

4500 


v/v 


Ta = high temp. 


1800 



3000 


v/v 

Input offset voltage! 

Ta = low temp. 





||||RQ[|| 


||BBnB| 











Ta = high temp. 





imin 

IHtfl 

BBbIII 

Input bias current! 



18 



MM 

■■ 

mA 




12 



IB 

■1 


Differential input resistance!® 

Ta = low temp. 


2 









4 






Input common mode range 



+ 1.0 



■am 


V 

Balanced output. DC level 

Ta = low temp. 


- 0.1 







@+25°C 


+0.3 







Ta = high temp. 


+.6 



BH 



Output voltage swing® 

Over temp. 


4.7 


III^QIIIII 

mji 


V 

High output level 

V 5 = 10mV, Ta = low temp. 


+2.3 


+4.0 

+4.3 


|||__|||| 


V 5 = 10mV 


+ 2.6 


+4.3 

+4.6 




V 5 = 10mV, Ta = high temp. 


+3.0 


+4.7 

+5.0 



Low output level 

V 5 = 10mV, Ta = low temp. 



iHH 


WSM 




V 5 = 10mV 





BB 




V 5 = 10mV, Ta = high temp. 





mSm 



Output resistance! 


1 

100 



BEBI 


a 

Common mode rejection ratio 



100 



100 

— 

dB 

Power supply current! 

Ta = low temp. 






MM 








5.5 



j 

Ta = high temp. 
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NE/SE515-F,K,N 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, V? = OV, Vi = 3.0V unless otherwise 

specified.1.2,3,4,5,6,7,8,9,10,11 


PARAMETER 

TEST CONDITIONS 

NE515 (Vg = +4V) 

NE515 (Vg - 

+6V) 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Open loop voltage gain2 



1800 



3200 


v/v 


Ta = high temp. 


1350 



2200 


v/v 

Input offset voltagei 


■ 




0.5 

0.5 

4.0 

3.0 

mV 

mV 







0.5 

4.0 

mV 

Input bias currenti 

Ta = low temp. 


m 



25 

40 

iiimsn 


@+25°C 


■w 



20 

31 

iBEim 

Differential input resistanceio 

Ta = low temp. 




1i4 

2.3 


■IIIQIB 




III^H 


1.7 

2.6 



Input common mode range 






+1.5 

-1.0 


V 

Balanced output DC level 

Ta = low temp. 


-0.1 



+1.2 




@+25°C 


+0.3 



+1.6 

+1.8 



Ta = high temp. 


+0.6 



+1.9 



Output voltage swings 

Over temp. 


mm 


5.3 

6.1 


V 

High output level 

Vs = 10mV, Ta = low temp. 


HQn 


+3.9 

wssm 




V 5 = 10mV 




+4.1 





Vs = 10mV, Ta = high temp. 




+4.3 

■9 



Low output level 

Vs = 10mV, Ta = low temp. 


ms^nm 

■■■■ 

-1.4 





Vs = 10mV 




-1.2 





Vs = 10mV, Ta = high temp. 

m 



-1.0 




Output resistancei 



100 



100 


n 

Common mode rejection ratio 



100 



100 


dB 

Power supply currenti 

Ta = low temp. 






7.0 

mA 




3.5 



5.5 

7.0 

mA 


Ta = high temp. 






7.0 

mA 


AC ELECTRICAL CHARACTERISTICS Ta = 25^C, V7 = OV, Vi = 3 . 0 V unless otherwise specified.1,2.3,4,5,6,7,8,9,10,11 


PARAMETER 

TEST CONDITIONS 

SE515 (Vg = +4V) 

SE515 (Vg = +6V) 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Open loop voltage gain 

f = 800kHz 


2000 


2500 

3500 


/iV/V 


AC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, V7 = OV, Vi = 3 . 0 V unless otherwise 

specif ied. 1,2,3,4,5,6,7,8,9.10,11 


PARAMETER 

TEST CONDITIONS 

NE515 (Vg = +4V) 

NE515 (Vg = +6V) 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Open loop voltage gain 

f = 800kHz 


1500 


1700 

2500 


mV/v 


NOTES 

1. Adjust V5 to obtain V 2 = V 10 . 

2. Output voltage swing = 1.3V peak to peak. 

3. Output voltage swing is guaranteed by output voltage limit tests. 

4. Voltage and current subscripts refer to pin numbers for K Package. 

5. All measurements are referenced to power supply common. Positive current flow is 
defined as into the terminal indicated. 

6. All specifications herein apply for interchange of voltages and currents at Pins 5 and 7. 


7. Acceptance Test Sub-Group references apply to minimum and maximum limits only. 

8. The SE515k has Pips 1, 3 and 9 connected to the case. 

9. See Signetics SURE Program Bulletin No. 5001 for definition of Acceptance Test Sub- 
Group. Sub-Group A-7 is used for electrical end points for Linear Products. 

10. Differential Input Resistance is computed from input bias current. 

11. Operating temperature range; 

SE515 -55° C Ta 125°C 
NE515 0°C Ta 75°C 


smnDtiCB 
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NE/SE531-NJ 


DESCRIPTION 

The 531 is a fast slewing high performance 
operational amplifier which retains dc 
performance equal to the best general pur¬ 
pose types while providing far superior 
large signal ac performance. A unique 
input stage design allows the amplifier to 
have a large signal response nearly identical 
to its small signal response. The amplifier is 
compensated for truly negligible overshoot 
with a single capacitor. In applications 
where fast settling and superior large signal 
bandwidths are required, the amplifier out 
performs conventional designs which have 
much better small signal response. Also, 
because the small signal response is not 
extended, no special precautions need be 
taken with circuit board layout to achieve 
stability. The high gain, simple compensa¬ 
tion and excellent stability of this amplifier 
allow its use in a wide variety of instrument¬ 
ation applications. 


FEATURES 

• 35V/iusec slew rate at unity gain 

• Pin for pin replacement for ^A709, /xA748 
or LM101 

• Compensated with a single capacitor 

• Same low drift offset null circuitry as 
/xA741 

• Small signal bandwidth 1MHz 

• Large signal bandwidth SOOKHz 

• True op amp dc characteristics make the 
531 the ideal answer to all slew rate lim¬ 
ited operational amplifier applications. 


EQUIVALENT SCHEMATIC 


PIN CONFIGURATIONS 










NE/SE531-N,T 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

±22 

V 

Internal power dissipationi 

300 

mW 

Differential input voltage 

±15 

V 

Common mode input voltage2 

±15 

V 

Voltage between offset null 



and V- 

±0.5 

V 

Operating temperature range 



NE531 

0 to ±70 

°C 

SE631 

-55 to ±125 

°C 

Storage temperature range 

-65 to ±150 

°C 

Lead temperature 



(soldering, 60 sec) 

300 

°C 

Output short circuit durations 

indefinite 



NOTES 

1. Rating applies for case temperature to 125° C, derate linearly at 6.5mW/° C for ambient 
temperatures above +75°C. 

2. For supply voltages less than±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to +125°C case 
temperature or to +75°C ambient temperature. 


DC ELECTRICAL CHARACTERISTICS Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE531 

NE531 

UNIT 

Min 

Typ 

Max 

Min 


ESI 

Vos 

Offset voltage 

Rs < lOkn, Ta = 25°C 


2.0 

5.0 

n 

2.0 

mH 

mV 



Rs < lOkn, over temp 



6.0 



im 

mV 

los 

Offset current 

Ta = 25°C 




imi 

50 

msm 

nA 



Ta = HIGH 






^^m 

nA 



Ta = LOW 

im 



(mi 


i^mi 

nA 

Ibias 

Input current 

Ta = 25‘^C 


300 


mm 

400 





Ta = HIGH 










Ta = LOW 

mil 


1500 

mi 


mm 


VCM 

Common mode voltage range 

Ta = 25° C 

±10 


mill 

moi 


mmi 

V 

CMRR 

Common mode rejection ratio 

Ta = 25°C, Rs < 10kn 




Hi 

100 


dB 



Over temp Rs ^ lOkn 

70 


mm 

m 


imi 

dB 

Rin 

Input resistance 

Ta = 25°C 


20 



20 


Ma 

VOUT 

Output voltage swing 

Rl ^ 2ka, over temp 

EBEl 

lESI 


EEI 

±13 


V 

Icc 

Supply current 

Ta = 25° C 


■nn 

WM 

mim 


10 

mA 



Tmax 






10 

mA 

Pd 

Power consumption 

Ta = 25° C 

HHi 

im 

wBSBm 

mm 


300 

mW 

PSRR 

Power supply rejection ratio 

Rs < 10ka Ta = 25°C 

■l 

H 


m 


150 




Rs < lOkO, over temp 



150 





Rout 

Output resistance 

Ta = 25° C 


75 



75 


a 

Avol 

Large signal voltage gain 

Ta - 25° C, Rl > 2ka, VouT = ±1OV 

50 

100 


20 

60 

mnn 

V/mV 



Rl> 2ka,VouT=±10V, over temp. 

25 


■ 

15 


■1 

V/mV 


NOTE 

1. Temperature range; 

SE531 -55°C <Ta< 125° C 
NE531 0°C < Ta< 70°C 


sjonotics 
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NE/SE531-N,T 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE531 

SE531 

UNiT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Full power bandwidth 



500 





kHz 

Settling time (1%) 

Av = +1, ViN = ±10V 





|BB 


BH 

(.01%) 








mB^rn 

Large signal overshoot 

Av = +1, ViN-±10V 

mm 

B 

lllllllll 

BB 

2 


% 

Small signal overshoot 

Av = +1, ViN = 400mV 


■■ 

m 

Bll 

5 


% 

Small signal risetime 

Av = +1, ViN =400mV 







ns 

Slew rate 

o 

o 

11 

> 

< 


BSI 

■i 


35 


V/fjLS 


> 

< 

II 

o 





35 


V/ms 


Av = 1 (noninverting) 




20 

30 


V/mS 


Av = 1 (inverting) 

im 


n 

25 

35 

Hli 

y/fxs 


NOTE 

1. All AC testing is performed in the transient response test circuit. 


TEST LOAD CIRCUITS 

OFFSET NULL CIRCUIT 



TRANSIENT RESPONSE CIRCUIT 



TYPICAL PERFORMANCE CHARACTERISTICS (Vs = ±15V, Ta = +25° C, unless otherwise specified.) 
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NE/SE531-N,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


CLOSED LOOP NON-INVERTING 
VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 


OPEN LOOP PHASE RESPONSE 
AND VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 


POWER CONSUMPTION AS A 
FUNCTION OF SUPPLY VOLTAGE 



POWER CONSUMPTION 
AS A FUNCTION 
OF AMBIENT TEMPERATURE 


OPEN LOOP VOLTAGE GAIN AS A 
FUNCTION OF SUPPLY VOLTAGE 


OUTPUT VOLTAGE SWING AS A 
FUNCTION OF SUPPLY VOLTAGE 



INPUT VOLTAGE RANGE AS A 
FUNCTION OF SUPPLY VOLTAGE 


OUTPUT VOLTAGE SWING AS 
A FUNCTION OF FREQUENCY 


VOLTAGE FOLLOWER 
LARGE SIGNAL RESPONSE 



SUPPLY VOLTAGE ±V 


FREQUENCY — Hz 


TIME — nsec 
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NE/SE531-N,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



TYPICAL APPLICATIONS 


HIGH SPEED INVERTER 
(10MHz BANDWIDTH) 


2pF 



PULSE RESPONSE 
HIGH SPEED INVERTER 



200nsec/DIV 


FAST SETTLING VOLTAGE FOLLOWER 


LARGE SIGNAL RESPONSE 
VOLTAGE FOLLOWER 



0.5M8/DIV f = 500KHZ 
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NE/SE531-N,T 


TYPICAL APPLICATIONS (Cont d) 


POLE ACTIVE LOW PASS FILTER BUTTERWORTH MAXIMALLY FLAT RESPONSE* 

RESPONSE OF 3-POLE ACTIVE 
BUTTERWORTH 
MAXIMALLY FLAT FILTER 


^ 10K 

tOOpF 

^S_ II 

10K 

10K ^ 

i .022 Z 

Z.056 ^.0032 


‘Reference—EDN Dec. 15, 1970 
Simplify 3-Pole Active Filter Design 
A. Paul Brokow 
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NE/SE532/532A/SA532-NJ 


niini nrrriiTinr" ^ 

TTmnniTnwrp 



DESCRIPTION 

The 532 consists of two independent, high 
gain, internally frequency compensated op¬ 
erational amplifiers designed specifically to 
operate from a single power supply over a 
wide range of voltages. Operation from dual 
power supplies is also possible and the low 
power supply current drain is independent 
of the magnitude of the power supply 
voltage. 

FEATURES 

• Internally frequency compensated for 
unity gain 

• Large dc voitage gain~(100dB) 

• Wide bandwidth (unity gain)—1MHz 
(temperature compensated) 

• Wide power supply range 

single supply—(3Vdc to 30Vdc) 
or dual supplies—(±1.5Vdc to 
±15Vdc) 

• Very iow suppiy current drain (400/uA)— 
essentiaily independent of suppiy voit¬ 
age (ImW/op amp at +5Vdc) 

• Low input biasing current—(45nA dc 
temperature compensated) 

• Low input offset voltage—(2mVdc) and 
offset current—(5nA dc) 

• Differential input voltage range equal to 
the power supply voltage 

• Large output voltage—(OVdc to V+— 
I.SVdc swing) 

• SE532 Mil std 883A,B,C available 


UNIQUE FEATURES 

In the linear mode the input common-mode 
voltage range includes ground and the out¬ 
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. The unity gain cross fre¬ 
quency is temperature compensated. The 
input bias current is also temperature 
compensated. 


PIN CONFIGURATIONS 



N PACKAGE 


(Top View) 


OUTPUT A |T 



T]v^ 

INPUT A 



T] OUTPUT B 




—^ INPUT B 



— 

-n NON-tNVERTING 

INPUT B 

ORDER PART NO. 

SE532N 

NE532N 

SA532N 



SE532AN 

NE532AN 


EQUIVALENT CIRCUIT 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage, V+ 

32 or ±16 

Vdc 

Differential input voltage 

32 

Vdc 

Input voltage 

-0.3 to +32 

Vdc 

Power dissipation 



T package 

680 

mW 

N package 

625 

mW 

Output short-circuit to GND 



V+ < 15 Vdc and Ta = 25°C 

Continuous 


Operating temperature range 



NE532 

0 to +70 

°c 

SA532 

-40 to +85 

°C 

SE532 

-55 to +125 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature 

300 


(soldering, lOsec) 
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NE/SE532/532A/SA532-N,T 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, V-f = +5V unless otherwise specified (see Notes on following page). 


PARAMETER 

TEST CONDITIONS 

■ 

SE532 

NE532 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos Offset voltage"! 

Rs< 10k 


±2 

±5 


±2 

±6 

mV 


Rs ^ lOkn, over temp. 



±7 



±7.5 

mV 

Vos Drift 

Rs = on, over temp. 


7 



7 


mV/°C 

los Offset current 

Iin(+) or Iin(-) 


±3 

±30 


±5 

±50 

nA 

los Offset current 

Over temp. 



±100 



±150 

nA 

los Drift 

Over temp. 


10 



10 


pA/°C 

•bias Input currents 

Iin(+) or Iin(-) 


45 

150 


45 

250 

nA 


Over temp., Iin(+) or Iin(-) 


40 

300 


40 

500 

nA 

VcM Common mode voltage ranges 

V+ - 30V 

0 


V±-1.5 

0 


V±-1.5 

V 


Over temp., V+ = 30V 



V±-2.0 



V±-2.0 

V 

CMRRCommon mode rejection ratio 

Rs <lOkn 

70 

85 


65 

70 


dB 

VouT Output voltage swing (Voh) 

Rl > 2ka V+^ 30V 

26 



26 



V 


Rl> lOkn, V+ ^30V 

27 

28 


27 

28 


V 

VouT Output voltage swing (Vol) 

Rl < lOkn, over temp. 


5 

20 


5 

20 

mV 

Ice Supply current 

Rl = « on all amplifiers, over temp 


0.5 

1.2 


0.5 

1.2 

mA 

Avol Large signal voltage 

Rl > 2kn, VouT± 10V, Vs = ±15V 

50 

100 


25 

100 


V/mV 

Gain 

Over temp. 

25 



15 



V/mV 

PsRR Supply voltage 

Rs <lOka 

65 

100 


65 

100 


dB 

rejection ratio 









Amplifier-to-amplifier 

coupling4 

f = 1 kHz to 20kHz (input referred) 


-120 



-120 


dB 

Output current source 

ViN+ = 1 Vdc, ViN- = OVdc, V+ = 15Vdc 

20 

40 


20 

40 


mA 

Output current sink 

ViN- = 1 Vdc, ViN = OVdc, V+= 15Vdc 

10 

20 


10 

20 


mA 

Isc 5 

ViN- = 1 Vdc, ViN = OVdc, VouT=200m Vdc 

12 

50 


12 

50 


iuA 



40 

60 


40 

60 

mA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) TA=25°C,V+=+5Vunless otherwise specified (see Notes on following page). 


• 

PARAMETER 

TEST CONDITIONS 

SA532 

SE532A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos Offset voltage! 

Rs<10k 


±2 

±6 


1 

2 

mV 


Rs ^ lOkn, over temp. 



±7.5 



4 

mV 

Vos Drift 

Rs = on, over temp. 


7 



7 

15 

)uV°C 

los Offset current 

Iin(+) or Iin(-) 


±5 

±50 


2 

10 

nA 

los Offset current 

Over temp. 



±150 



30 

nA 

los Drift 

Over temp. 


10 



10 

200 

pA/°C 

Ibias Input currents 

Iin(+) or Iin(-) 


45 

250 


20 

50 

nA 


Over temp., Iin(+) or Iin(-) 


40 

500 


40 

100 

nA 

VcM Common mode voltage ranges 

V+ = 30V 

0 


V±-1.5 

0 


V±-1.5 

V 


Over temp., V+ = 30V 



V±-2.0 

0 


V±-1.5 

V 

Cmrr Common mode rejection ratio 

Rs <lOka 

65 

70 


70 

85 


dB 

VouT Output voltage swing (Voh) 

Rl > 2ka, V+ = 30V 

26 






V 


Rl > lOka, V± = 30V 

27 

28 





V 

VouT Output voltage swing (Vol) 

Rl ^ lOka, over temp. 


5 

20 




mV 

Ice Supply current 

Rl=oo on all amplifiers, over temp. 


0.5 

1.2 


0.5 

1.2 

IQ2III 

Avol Large signal voltage 

Rl > 2kO, VouT ± 10V, Vs=±15V 

25 

100 






Gain 

Over temp. 

15 






Q2S1 

PsRR Supply voltage 

Rs<ioka 

65 

100 


65 

100 


dB 

rejection ratio 









Amplifier-to-amplifier 

f = 1 kHz to 20kHz (input referred) 


-120 



-120 


dB 

coupling^ 









Output current source 

ViN+ = 1 Vdc, ViN- = OVdc, V+ = 15Vdc 

20 

40 


20 

40 


mA 

Output current sink 

V(N- = 1 Vdc, ViN = OVdc, V+ = 15Vdc 

10 

20 


10 

20 


mA 


V(N- = 1 Vdc, ViN = OVdc, VouT = 200m Vdc 

12 

50 


12 

50 


mA 

Isc® 



40 

60 


40 

60 

mA 


sinnotiBS 
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NE/SE532/532A/SA532-N,T 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, V+ = +5V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE532A 

UNIT 

Min 

Typ 

Max 

Vos 

Offset voltagei 

Rs<10k 


2 

3 

mV 



Rs < 10kn, over temp. 



5 

mV 

Vos 

Drift 

Rs = on, over temp. 


7 

20 

/xV°C 

los 

Offset current 

Iin(+) or Iin(-) 


5 

30 

nA 

los 

Offset current 

Over temp. 



75 

nA 

los 

Drift 

Over temp. 


10 

300 

pA/°C 

Ibias 

Input current2 

Iin(+) or Iin(-) 


45 





Over temp., Iin(+) or Iin(-) 


40 



VcM 

Common mode voltage ranges 

V+ = 30V 

0 






Over temp., V+ = 30V 

0 




Cmrr Common mode rejection ratio 

Rs<10kn 

65 

85 



VouT Output voltage swing (Voh) 

Rl > 2kn, V+ = 30V 







Rl> 10ka V+-30V 





VouT 

Output voltage swing (Vol) 

Rl ^ 10kn, over temp. 





Icc 

Supply current 

Rl = « on all amplifiers, over temp. 


0.5 

1.2 

mA 

A VOL 

Large signal voltage 

Rl > 2ka VouT ± 10V, Vs=±15V 

25 



V/mV 


Gain 

Over temp. 

15 



V/mV 

PSRR 

Supply voltage 

Rs< 10kn 

65 

100 


dB 


rejection ratio 







Amplifier-to-amplifier 







coupling^ 

f = 1 kHz to 20kHz (input referred) 


-120 


dB 


Output current source 

ViN+ = 1 Vdc, ViN- = OVdc, V+ = 15Vdc 


40 




Output current sink 

V|N- = 1 Vdc, ViN=OVdc, V+ = 15Vdc 


20 





ViN- = 1 Vdc, ViN = OVdc, VouT=200m Vdc 


50 



ISC5 




40 




is V+ -1.5V, but either or both inputs can go to +32V without damage. 

Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive coupling increases at higher frequencies. 

Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of+15Vdc, continuous short- 
circuits can exceed the power dissipation ratings and cause eventual destruction. 


1. Vo ^ 1.4V, Rs = 0Qwith V+from5Vto30V: and over the full input common-mode range 4. 

(9Vto V+-1.5V). 

2. The direction of the input current is out of the 1C due to the pnp input stage. This 

current is essentially contant, independent of the state of the output so no loading 5. 

change exists on the input lines. 

3. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
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TYPICAL PERFORMANCE CHARACTERISTICS 




NE/SE532/532A/SA532-N,T 
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NE/SE535-T • NE/SE5535-F,K,N,N-14 


DESCRIPTION 

The 535 and 5535 are new generation opera¬ 
tional amplifiers featuring high slew rates 
combined with improved input characteris¬ 
tics. The 535 is a single device while the 
5535 is a dual configuration. Internally 
compensated for unity gain, the SE535 and 
SE5535 feature a guaranteed unity gain 
slew rate of 10V//xS with 2mV maximum 
offset voltage. I ndustry standard pin out and 
internal compensation allow the user to 
upgrade system performance by directly 
replacing general purpose amplifiers, such 
as 741, 747 and 1558. 

FEATURES 

• 15V//iS unity gain slew rate 

• Internal frequency compensation 

• Low input offset voltage—2mV max 

• Low input bias current 60nA max 

• Short circuit protected 

• Offset null capability 

• Large common mode and differential 
voltage ranges 

535 5535 

• Pinout 741 747,1558 

• Configuration Single Dual 


PIN CONFIGURATIONS 



F,N-14 PACKAGE 

INVERTING 

INPUT A [T 
NON-INVERTING r— 
INPUT A !_£, 
OFFSET pr 
NULL A 

V- [T 

OFFSET rr 
NULL B LH_ 
NON-INVERT- 

ING INPUT B 1- 

INVERTING ry 
INPUT B '- 


-, OFFSET 

14| null A 

V+A 

Tz] OUTPUT A 

TT] NC 

'toI output B 

~9~| V+B 

"sl OFFSET 
-' NULL B 

ORDER PART NO. 

SE5535N-14 SE5535F 

NE6535N-14 NE5535F 

N PACKAGE 


OFFSET _ 

ADJUST 1J|_ 
INVERTING 1 -^ 
INPUT Li. 
NON-INVERT- 
ING INPUT 

V- (X 


~8~1 NC 

3 V. 

"el OUTPUT 

T] OFFSET 
ADJUST 

ORDER PART NO. 

SE535N NE635N 



EQUIVALENT SCHEMATIC (One Amplifier) 



T PACKAGE 


OFFSET _ 

ADJUST Q_ 
INVERTING I— 
INPUT LL 
NON-INVERT- rr- 
ING INPUT 

V- [T 


Tj NC 

T] v + 

T] OUTPUT 

Tl OFFSET 
ADJUST 

ORDER PART NO. 

SE535T NE535T 

TPACKAGE 


OUTPUT A [T 

INVERTING 1 - 7 - 
INPUT A 

NON-INVERTING TJ- 
INPUT A ■- 

V- [T 


Tl v + 

Tl OUTPUT B 

-71 INVERTING 
INPUTS 

~ 5 ~| NONINVERTING 
- INPUTS 


ORDER PART NO. 

SE5535T NE5535T 
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NE/SE535-T • NE/SE5535-F,K,N,N-14 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SE535/ 

SE5535 

NE535/ 

NE5535 

UNIT 

Supply voltage 

Internal power dissipationi 

±22 

±18 

V 

N Package 

500 

500 

mW 

K/T Package 

800 

800 

mW 

F Package 

1000 

1000 

mW 

Differential input voltage 

±30 

±30 

V 

Input voltage2 

±15 

±15 

V 

Operating temperature range 

-55 to ±125 

0 to ±70 

°C 

Storage temperature range 

-65 to ±150 

-65 to ±150 


Lead temperature (solder, 60sec) 

300 

300 

°C 

Output short circuits 

Indefinite 

Indefinite 



NOTES 

1. Rating applies for thermal resistances junction to ambient of 240° C/W and 150°C/W 
for N and K, T packages, respectively. Maximum chip temperature is 150°C. 

2. For supply voltages less than ±15V, the absolute maximum inputvoltageisequal tothe 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to 125°C case 
temperature or 75°C ambient temperature. 


DC ELECTRICAL CHARACTERISTICS Ta = 25®C, Vs = ±15V unless otherwise specified.* 


PARAMETER 

TEST CONDITIONS 

SE535/SE5535 

NE535/NE5535 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltage 

Rs < lOkn 


0.7 

2.0 


2.0 

5.0 

mV 



Rs ^ lOkn, over temp. 



3.0 



6.0 

mV 

o 

> 

<1 

Input offset voltage drift 

Rs =0n, over temp. 


3.0 

15 


6.0 


V/°C 

los 

Input offset current 



5 

10 


15 

40 

nA 



Over temp. 



20 



80 

iuVnA 

Ib 

Input current 



45 

60 


65 

150 

nA 



Over temp. 



100 



200 

nA 

VcM 

Common mode voltage range 


±12 

±13 


±12 

±13 


V 

CMRR 

Common mode rejection ratio 

Rs ^ lOkn, over temp. 

70 

90 


70 

90 


dB 

PSRR 

Power supply rejection 

Rs ^ lOkn, over temp. 


30 

150 


30 

150 

/xV/V 

Rin 

Input resistance 


3 

10 


1 

6 


Ma 

Avol 

Large signal voltage gain 

RL>2kn, VouT = ±10V 

50 

500 


50 

500 


V/mV 



Rl > 2kn, VouT = ±10V, over temp. 

25 



25 



V/mV 

VOUT 

Output voltage 

Rl > 2kn, over temp. 

±10 

±13 


±10 

±13 


V 



Rl > lOkn, over temp. 

±12 

±14 


±12 

±14 


V 

Icc 

Supply current 

Per amplifier 


1.8 

2.8 


1.8 

2.8 

mA 



Per amplifier, over temp. 


2 

3.3 


2 


mA 

Pd 

Power dissipation 

Per amplifier 


54 

84 


54 

84 - 

mW 



Per amplifier, over temp. 


60 

99 


60 


mW 

isc 

Output short circuit current 



25 



25 


mA 

Rout 

Output resistance 



100 



100 


a 


‘NOTE 

Temperature range 

SE types -55° C < Ta < 125°C 

NE types 0°C < Ta < 70° C 


smnDtics 
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NE/SE535-T • NE/SE5535-F,K,N,N-14 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE535/SE5535 

NE535/NE5535 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Gain/bandwidth product 



1 



1 


MHz 

Transient response 

Small signal rise time 

Small signal overshoot 
Settling time 

Slew rate 

' 

1 

To 0.1% 

Ta = 25C, Rl ^ 10ka, unity gain, 
non-inverting 

10 

0.25 

6 

3 

15 


10 

0.25 

6 

3 

15 


juS 

% 

MS 

V/ms 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 




OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 


-55°C«.Ta 5^+125 
Rl- 2kf2 

°c 









z 






z^ 





z 










Z 





























°5 10 15 20 

SUPPLY VOLTAGE (±V) 



LOAD RESISTIANCE (k^) 
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NE/SE535-T • NE/SE5535-F,K,N,N-14 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


OUTPUT SHORT-CIRCUfT CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 








TEMPERATURE (°C) 

BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 



1 k 10k 

SOURCE RESISTANCE (fi) 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



20 60 100 
TEMPERATURE (°C) 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
FREQUENCY 



INPUT COMMON MODE 
VOLTAGE RANGE AS A 
FUNCTION OF SUPPLY VOLTAGE 



SUPPLY VOLTAGE (±V) 

INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



INPUT NOISE CURRENT 
AS A FUNCTION OF 
FREQUENCY 









_ 1 


Vs = ±15V 
Ta = 25°C 



100 Ik 10k 

FREQUENCY (Hz) 


POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


5 

E 80 


g 40 


Ta =25°C 


SUPPLY VOLTAGE (±V) 

COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 
FREQUENCY 


§ 40 | 

s 

Z 30| 
O ’ 
S 

S 20 







(A < 
> 1- 

±15V 

25°C 











\ 








\ 















\ 







\ 
























TEMPERATURE (°C) 


100 Ik 10k 100k 

FREQUENCY (Hz) 
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VOLTAGE WAVEFORMS 


TEST CIRCUITS 


SETTLING TIME MEASUREMENT 


SLEW RATE AND SMALL SIGNAL TRANSIENT RESPONSE 


ALLOWABLE 

ERROR 

BAND 


SETTLING,^ I 
TIME 

I-^ 




SLEW RATE MEASUREMENT 


NOTE 

Pins not shown are not connected. 

All resistors values are typical and in ohms. 




SLEW RATE 
V(-) TO V(+) 


SLEW RATE 


(MEASUREMENT (MEASUREMENT 


SETTLING TIME 


2.2/uF pfco.OI/iF 



SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 




FALSE 

SUMMING 

NODE 


►Rl ^lOOpF 


50 % FALL time; *Match to within 0.01%. 


SO.OI/zF 2.2/iF 


IN916 ^ IN916 

OR EQUIV. OR EQUIV. 


Pins not shown are not connected. 

All resistors values are typical and in ohms. 
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NE/SU536-T 


DESCRIPTION 


FEATURES 


The 536 is a special purpose high perfor¬ 
mance operational amplifier utilizing an 
FET input stage for extremely high input 
impedance and low input current. 

The device features internal compensation, 
standard pinout, wide differential and com¬ 
mon mode input voltage range, high slew 
rate and high output drive capability. 


• 5pA input bias current 

• Input and output protection 

• Offset null capability 

• Internally compensated 

• 6V/yusec slew rate 

• Standard pinout 

• 1MHz unity gain bandwidth 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

±22 

V 

Differential input voltage range 

±30 

V 

Common mode input voltage range 

±Vs 


Power dissipationi 

500 

mW 

Operating temperature range 



SU536T 

-55 to ±85 

°C 

NE536T 

0 to ±70 

°C 

Storage temperature range 

-65 to ±150 

°C 

Lead temperature (solder, 60sec) 

300 

°C 

Output short circuit durations 

indefinite 



PIN CONFIGURATION 



NOTES 

1. Rating applies for case temperature to +25° C; derate linearly at 6.5mW/° C for ambient 
temperatures above,75° C. 

2. Short circuit may be to ground or either supply. Rating applies to +125°C case 
temperature or +75°C ambient temperature. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified.1 


PARAMETER 

TEST CONDITIONS 

NE536 

UNIT 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs < lOka 


30 

90 

mV 



Over temp., Rs ^ lOka 


30 


mV 

Vos 

Drift 

Rs = Oa, over temp. 


30 


mV/°C 

los 

Offset current 



5 


pA 

I BIAS 

Input currents 



30 

100 

pA 

VCM 

Common mode voltage range 


±10 

±11 


V 

CMRR 

Common mode rejection ratio 

Rs < lOka, ViN = ±10V 

64 

80 


dB 

Rin 

Input resistance 



1014 


a 

VoUT 

Output voltage swing 

Rl > 2ka, over temp. 

±10 

±11 


V 



Rl lOka, over temp. 

±12 

±13 


V 

Icc 

Supply current 

VouT = OV 


6.0 

8.0 

mA 

PSRR 

Supply voltage rejection ratio 

Rs< lOka, ±6 < Vs ±15 


100 

300 

mV/V 

Avol 

Large signal voltage gain 

Vo = ±10V, Rl 2ka 

50 



V/mV 



Vo = ±10V, Rl > 2ka, over temp. 

25 



V/mV 

Ps 

Power supply range 


±6 

±18 


V 


NOTES 

1. Operating temperature range: NE536 is0°Cto70°C. 

2. Input current typically doubles every 10°C. 
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NE/SU536-T 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, ±6V < Vs < ± 20V unless otherwise specified.2 



PARAMETER 

TEST CONDITIONS 

SU536 

UNIT 


Min 

Typ 

Max 




Vos 

Offset voltage 

Rs< 10kn 




mV 



Rs < lOkn, over temp. 

■ 

wm 


mV 

Vos 

Drift 

Rs<10kn 




fxvrc 

los 

Offset current 



5 


pA 

•bias 

Input currenfi 



5 

30 

pA 



Over temp. 


250 

3000 

pA 

VcM 

Common mode voltage range 

Vs = ±15V 

±10 

±11 



CMRR 

Common mode rejection ratio 

Rs< 10kn, ViN = ±10V 

70 

80 



Rin 

Input resistance 



1014 



VOUT 

Output voltage swing 

Rl > 2kn, Vs = ±15V, over temp. 

±10 

±12 





Rl > 10kn, Vs = ±15V, over temp. 

±12 

±13 



Icc 

Supply current 

VouT = OV, Vs - ±20V 


4.5 

lESI 

mA 

PSRR 

Supply voltage rejection ratio 

Rs <10kn 


50 


ix^N 

Avol 

Large signal voltage gain 

Over temp., Vs = ±15V, Vo = ±10V, Rl > 2kn 

50 



V/mV 

Ps 

Power supply range 




^^1 

V 


NOTES 

1. Input current typically doubles every 10°C. 

2. Operating temperature range for SU536 is -55° C to +85°C. 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified.1,2 




NE536 

SU536 

UNiT 



Min 

Typ 

Max 

Min 

Typ 

Max 

Differential capacitance 



6 



6 


PF 

Input noise voltage 

0.1Hz — 100kHz 


20 



20 


MVrms 

Output impedance 



100 



100 



Unity gain frequency 

Vs = ±15V 


1 



1 


MHz 

Full power bandwidth 

Vs = ±15V 


100 



100 


KHz 

Slew rate, inverter 

Vs = ±15V, A = -1V 


6 



6 


V/mS 

Slew rate, follower 

Vs = ±15V, A = ±1V 


6 



6 


V/iuS 


NOTES 

1. Temperature range for SU536 is -55 < Ta ^ 85° C 
Temperature range for NE536 is 0°C < Ta ^ 70°C 

2. SU536 — ±6V < Ta ± 20V 
NE536 —±15V 
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NE/SU536-T 


TYPICAL PERFORMANCE CHARACTERISTICS 


LARGE SIGNAL VOLTAGE FOLLOWER 
PULSE RESPONSE 


OUTPUT VOLTAGE SWING AS A 
FUNCTION OF FREQUENCY 


OUTPUT VOLTAGE SWING AS A 
FUNCTION OF SUPPLY VOLTAGE 



Tj^= 25°C, CL= 100pF 
-Vs=15V 
Ri = 2K{1 



10K 100K 

FREQUENCY-Hz 


10 12 14 16 18 20 

SUPPLY VOLTAGE-±V 


OPEN LOOP PHASE RESPONSE AS A 
FUNCTION OF FREQUENCY 


OPEN LOOP VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 


VOLTAGE FOLLOWER 
TRANSIENT RESPONSE 





10 IK 10K 100K 1M 

FREQUENCY - Hz 


100 200 300 400 500 600 700 800 900 
TIME IN NANOSECONDS 


OPEN LOOP VOLTAGE GAIN AS A 
FUNCTION OF SUPPLY VOLTAGE 


INPUT VOLTAGE NOISE AS A 
FUNCTION OF FREQUENCY 


INPUT CURRENTS AS A FUNCTION 
OF AMBIENT TEMPERATURE 








— 

Rs= 





■— 







8 10 12 14 16 

SUPPLY VOLTAGE ±V 


10 100 1K 10K 100K 

FREQUENCY-Hz 


-20 0 +20 +40 +60 +80 +100 

TEMPERATURE-°C 
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TYPICAL PERFORMANCE TEST CIRCUITS 

CHARACERISTICS (Contd) i- 
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NE/SE538-N,T • NE/SE5538-F,K,N,N-14,T 


DESCRIPTION 

The 538/5538 are new generation opera¬ 
tional amplifiers featuring high slew rates 
combined with improved input characteris¬ 
tics. Internally compensated for gains of 5 
or larger, the SE538/SE5538 offer guaran¬ 
teed minimum slew rates of 40 \//ijls or larg¬ 
er. Featuring 2mV max input offset voltage, 
the 538 is a single amplifier while the 5538 Is 
a dual version. Industry standard pin out 
and internal compensation allow the user to 
upgrade system performance by directly 
replacing general purpose amplifiers, such 
as 748, 101 A, 741, 747 and 1458. 

FEATURES 

• 2mV max input offset voltage 

• 60nA max input offset current 

• Short circuit protected 

• Offset null capability 

• Large common mode and differential 
voltage ranges 

• 60V/ais slew rate (gain of +5, -4 min) 

• 6MHz gain bandwidth product 
(gain +5, -4 minimum) 

• Internal frequency compensation 
(gain of +5, -4 minimum) 

• Pin out: 538 same as 741 (single) 

5538 same as 747, 1458 (dual) 


PIN CONFIGURATIONS 


N PACKAGE 


OUTPUT A [T 


I] 

INVERTING 
INPUT A LL 


Z1 

NONINVERTING p— 
INPUT A Li, 


H 

V- Cl 


n 


V + 

OUTPUT B 

INVERTING 
INPUT B 
NONINVERTING 
INPUT B 


ORDER PART NO. 

SE5538N. NE5538N 


N-14, F PACKAGE 



OFFSET 
NULL A 

V + 


OUTPUT A 
NC 

OUTPUT B 
V + 

OFFSET 
NULL B 


ORDER PART NO. 

SE5538 N-14. F 
NE5538 N-14, F 


ABSOLUTE MAXIMUM RATINGS1.2,3 


PARAMETER 

RATING 

UNIT 

Vcc Supply voltage 



SE military grade 

±22 

V 

NE commercial grade 

±18 

V 

Pd Internal power dissipation 

1000 

mW 

F package 



Pd Internal power dissipation! 

500 

mW 

N package 



Pd Internal power dissipation! 

800 

mW 

K,T package 



Differential input voltage 

±30 

V 

Input voltage2 

±15 

V 

Operating temperature range 



SE military grade 

-55 to ±125 

°C 

NE commercial grade 

Oto 70 

°C 

Output short circuits 

indefinite 


Storage temperature range 

-65 to ±150 

°C 

Lead temperature (solder, 60sec.) 

300 



NOTES 


1. Rating applies for thermal resistances of 240° C/W and 150° C/W junction to ambient 
for N and K, T packages, respectively. Maximum chip temperature is 150°C. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to 125°C case 
temperature or 75°C ambient temperature. 


N PACKAGE 



ORDER PART NO. 

SE538N, NE538N 



T PACKAGE 




NC 

n 



OFFSET 

NULL 


U""' ■ 
® 


v + 

INVERTING 

INPUT 

© 


® 

j OUTPUT 

NONINVERT- 

\® 



' OFFSET 

ING INPUT 

® 

NULL 



V- 




ORDER PART NO. 


SE538T, 


NE538T 


K PACKAGE 



J 

NC 

□ 



OUTPUT A 



®\ 

OUTPUT B 

V»A j 

'( 2 ) 



1 V + B 

INVERTING 1 



®j 

1 INVERTING 

INPUT A ' 


' INPUT B 

NONINVERTING 

\@ 

® 


NONINVERTING 

INPUT A 

INPUT B 



V- 




ORDER PART NO. 


SE5538K, 


NE5538K 


T PACKAGE 


v + 



ORDER PART NO. 

SE5538T, NE5538T 
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PARAMETER 

TEST CONDITIONS 

SE538/SE5538 


UNIT 

Min 

Typ 

Max 

HQIQI 

Typ 


Vos 

Input offset voltage 

Rs< 10kfl 

|H 


HQI 

6| 

2.0 



Vos 

Input offset voltage 

Rs < 10kn, over temp. 


nn 






A Vos 

Input offset voltage drift 

Rs = on, over temp. 



mm 


1031 


mV/°C 

I os 

Input offset current 



Bi 

IHHI 


mm 

40 

nA 

los 

Input offset current 

Over temp. 


61 



■6 

80 

nA 

ie 

Input current 



45 

60 

■■ll 




ie 

Input current 

Over temp. 



100 





VCM 

Input common mode voltage range 


±12 

±13 


±12 

±13 


V 

Cmrr 

Common mode rejection ratio 

Rs ^ 10kn, over temp. 

70 

90 



mm 


dB 

PSRR 

Power supply rejection 

Rs ^ 10kn, over temp. 


30 



mm 


WSBM 

Rin 

Input resistance 


3 

10 


1 

HBH 


HESEUi 

Avol 

Large signal voltage gain 

RL>2ka VouT = ±10V 

50 

200 

__ 


H!iW 

iniii 


Avol 

Large signal voltage gain 

Over temp., 

25 



wm 

n 





RL>2ka VouT = ±10V 



m 

61 

■I 



VOUT 

Output voltage 

Over temp., Rl ^ 2kn 

69 

■SM 

HI 




V 

VoUT 

Output voltage 


69 

61 

hh 


El 


V 

Icc 

Supply current 

Per amplifier 



m 



B 


Icc 

Supply current 

Over temp., per amplifier 


Hi 



m 

B 


Pd 

Power dissipation 

Per amplifier 

__ 


90 





Pd 

Power dissipation 

Over temp., per amplifier 

HHb 


108 





isc 

Output short circuit current 



wm 



25 


mA 

Rout 

Output resistance 



100 



100 


a 


NOTE 

Temperature Range 

SE Types -55° C < Ta < 125°C 
NE Types 0 °C<Ta<70°C 


sfgnDtics 
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NE/SE538-NJ • NE/SE5538-F,K,N,N-14,T 


AC ELECTRICAL CHARACTERISTICS Ta = 25° C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE538/SE5538 

NE538/NE5538 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Gain bandwidth product 
(Gain +5, -4 minimum) 


■ 

m 



m 



Transient response 

Small signal rise time 

Small signal overshoot 









Settling time 

To 0.1% 


1.2 



1.2 


tlS 

Slew rate 

Minimum gain = 5 
Noninverting Rl > 2kn 


60 



60 


V//US 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 





Vs = +15V 
.Ta= 25°C. 




Rl= lOKfi 












\ 






















100 Ik 10k 100k 1M 

FREQUENCY - Hz 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY - Hz 



SUPPLY VOLTAGE-±V 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 


OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
FREQUENCY 





10 100 1000 
FREQUENCY - Hz 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont’d) 


NE/SE538-N,T • NE/SE5538-F,K,N,N-14,T 


INPUT NOISE CURRENT 
AS A FUNCTION OF 
FREQUENCY 


BROADBAND NOISE FOR INPUT COMMON MODE 

VARIOUS BANDWIDTHS VOLTAGE RANGE AS A 

FUNCTION OF SUPPLY VOLTAGE 



POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



5 10 15 20 

SUPPLY VOLTAGE -±V 


70 


• 60 
Z 

o 



5 

o 


30 



-60 -20 20 60 100 140 160 

TEMPERATURE - °C 


3 

a 

z 



-60 -20 20 60 100 140 

TEMPERATURE -°C 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 
FREQUENCY 


SETTLING TIME MEASUREMENT 
WAVEFORMS 


SLEW RATE MEASUREMENT 
VCC = ±20V 
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TEST LOAD CIRCUITS (Cont d) 

I SETTLING TIME TEST CIRCUIT 



‘Match to within 0.01%. 

NOTE 

Pins not shown are not connected. 

All resistors values are typical and in ohms. 
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NE/SE5534, NE/SE5534A-N,T 


DESCRIPTION 

The SE/NE5534 is a high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as 741 and 301 A, it shows better noise 
performance, improved output drive capa¬ 
bility and considerably higher small-signal 
and power bandwidths. 

This makes the device especially suitable 
for application in high quality and profes¬ 
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amp is internally com¬ 
pensated for gain equal to, or higher than, 
three. The frequency response can be opti¬ 
mized with an external compensation 
capacitor for various applications (unity 
gain amplifier, capacitive load, slew-rate, 
low overshoot, etc.) If very low noise is of 
prime importance, it is recommended that 
the SE/NE5534A version be used which has 
guaranteed noise specifications. 


PIN CONFIGURATIONS 


N PACKAGE 


BALANCE [T 


BALANCE/ 

COMPENSATION 

INVERTING rr- 
INPUT 


T]v. 

NONINVERTING PT- 

input 


~6~| OUTPUT 

V- [T 


T] COMPENSATION 


ORDER PART NO. 

NE5534N 

NE5534AN 

FEATURES 

• Small-signal bandwidth: 10MHz 

• Output drive capability: 6000,10V (rms) 
at Vs = ±18V 

• Input noise voltage: 4nV/ \/Plz 

• DC voltage gain: 100000 

• AC voltage gain: 6000 at 10kHz 

• Power bandwidth: 200kHz 

• Slew-rate: 13V//us 

• Large supply voltage range: ±3 to ±20V 



EQUIVALENT SCHEMATIC 



sjjjniitiEs 
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NE/SE5534. NE/SE5534A-N,T 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vs 

Supply voltage 

±22 

V 

ViN 

Input voltage 

±V supply 

V 

Vdiff 

Differential input voltage 

±.5 

V 

Ta 

Operating temperature range"! 




SE 

-55 to +125 

°c 


NE 

Oto 70 

°c 

Tstg 

Storage temperature 

-65 to +150 

°c 

Tj 

Junction temperature 

150 

°c 

Pd 

Power dissipation 




5534T 

680 

mW 


5534N 

500 

mW 


Output short circuit duration 2 

indefinite 



Lead temperature 

300 

°C 


(soldering 10 sec)^ 




NOTES 


1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting 
resistors are used, large currents will flow if the differential input voltage exceeds 0.6V. 
Maximum current should be limited to ±10mA. 

2. For operation at elevated temperature T package must be derated based on a thermal 
resistance of 150°C/W junction to ambient, 45°C/W junction to case. Thermal 
resistance of the N package is 240° C/W. 

3. Output may be shorted to ground at Vs = ±15V, Ta = 25° C. Temperature and/or supply 
voltages must be limited to ensure dissipation rating is not exceeded. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 1.2 


PARAMETER 

TEST CONDITIONS 



UNIT 

Min 


^9 

Min 

Typ 

Max 

Vos 

Offset voltage 




B 



B 

mV 



Over temperature 


■1 




Hi 

mV 

los 

Offset current 



10 

200 


20 





Over temperature 



500 





Ib 

Input current 



400 

800 


500 





Over temperature 



1500 




BQII 

Icc 

Supply current 



4 

6.5 


4 

B 




Over temperature 



9 





VcM 

Common mode input range 


±12 

±13 



±13 

B 


CMRR 

Common mode rejection ratio 


80 

100 



100 



PSRR 

Power supply rejection ratio 



10 

50 


10 



Avol 

Large signal voltage gain 

RL>600a Vo = ±10V 

50 

100 



100 


V/mV 



Over temperature 

25 






V/mV 

VoUT 

Output swing 

Rl > soon 

±12 

±13 i 


±12 

±13 ! 

||B|| 




Rl > 600n Vs = ±18V 

±15 

±16 


Ea 

±16 



Rin 

Input resistance 


50 

100 


30 

100 


Kn 

Isc 

Output short circuit current 



38 



38 


mA 


NOTES 

1. For NE5534, NE5534A, Tmin = 0°C, Tmax = 70°C 

2. For SE5534, SE5534A, Tmin = -55° C, Tmax = +125°C 
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NE/SE5534. NE/SE5534A-N,T 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE5534/5534A 

NE5534/5534A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Rout Output resistance 

Av = 30dB closed loop 


0^ 



n 3 


Q 


f = 10kHz, Rl = soon, Cc = 22pF 








Transient response 

Voltage follower, Vin = 50mV 









Rl = 600a, Cc = 22pF, Cl = 10OpF 








Tr Rise time 



20 



20 


ns 

Overshoot 



20 



20 


% 

Transient response 

ViN = 50mv, Rl = 600n 









Cc = 47pF, Cl = SOOpF 








Tr Rise time 



50 



50 


ns 

Overshoot 



35 



35 


% 

AC Gain 

f = 10kHz, Cc = 0 


6 



6 


V/mV 


f = 10kHz, Cc = 22pF 


2.2 

1 


2.2 


V/mV 

Gain bandwidth product 

Cc = 22pF, CL = 100pF 


10 



10 


mHz 

Slew rate 

o 

o 

II 

o 


13 



13 


V/mS 


Cc = 22pF 


6 



6 


V/yuS 

Power bandwidth 

VouT = ±10V, Cc-0 


200 



200 


kHz 


VOUT = ±10V, Cc = 22pF 


95 



95 


kHz 


VouT = ±14V, Rl = 600n 


70 



70 


kHz 


Cc = 22pF, Vcc = ±18V 









ELECTRICAL CHARACTERISTICS Ta = 25®C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE5534/NE5534 

SE5534A/NE5534A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input noise voltage 

N 

I 

O 

CO 

II 
o 


7 



5.5 

7 

nV//Hz 


fo = 1 kHz 


4 



3.5 

4.5 

nV//Hz 

Input noise current 

fo = 30Hz 


2.5 



1.5 


pA/\/Hz 


N 

X 

II 

o 

i 

1 


0.6 



0.4 


pA/\/Hz 

Broadband noise figure 

f = 10Hz-20kHz, Rs = 5kn 


- 



0.9 


dB 
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NE/SE5534, NE/SE5534A-N,T 


TYPICAL PERFORMANCE CHARACTERISTICS 


OPEN LOOP FREQUENCY RESPONSE 


SLEW-RATE AS A FUNCTION OF CLOSED LOOP FREQUENCY RESPONSE 

COMPENSATION CAPACITANCE 



10 102 103 1 04 1 05 1 06 1 07 

f(Hz) 



0 40 80 

Cc(pF) 


Cc = 


^ lOkf 

; RE 

loon 

TYPICAL VALUES 




Cc- 

fi 

0; RF 

= 9k n 

RE = 

ikn 




^^Cc = 

n 

22pF; 

n 

RF = 1 

kn ; R 

E = oo 






— 







103 104 105 106 107 108 

f(Hz) 


LARGE-SIGNAL FREQUENCY 
RESPONSE 


OUTPUT SHORT-CIRCUIT CURRENT 


INPUT BIAS CURRENT 


(V) 

Vo(p-p) 



102 103 104 105 106 107 


f (Hz) 



TA (°C) 



-55 -25 0 25 50 75 100 125 

Ta (°C) 


INPUT COMMON MODE 
VOLTAGE RANGE 


SUPPLY CURRENT 


INPUT NOISE VOLTAGE DENSITY 



98 


sfonDtics 














































DESCRIPTION 

The 709 is a high performance monolithic 
operational amplifier with differential in¬ 
puts. High open loop gain, high input im¬ 
pedance, wide input common mode and 
output voltage ranges plus low temperature 
drift enable it to be used in many applica¬ 
tions formerly satisfied only by discrete am¬ 
plifiers. 


FEATURES 

• Open loop voltage gain = 45,000 

• Output voltage swing = ±14V 

• Input common mode range = ±10V 

• Differential input resistance = 

SA709C 250K 
MA709C250K 
mA709 400K 
/XA709A700K 

• mA 709, 709A Mil Std 883 A,B,C avail¬ 
able 


mA709/709A/709C/SA709C-F,N,N-14,T 

PIN CONFIGURATIONS 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

±18 

V 

Internal power dissipation* 



mA709C 

250 

mW 

mA709 

300 

mW 

Differential input voltage 

±5.0 

V 

Input voltage 

±10 

V 

Output short-circuit duration (Ta = 25°C) 

5 

sec 

Operating temperature range 



A(A709C 

0 to ±75 

°C 

mA709 

-55 to ±126 

°C 

SA709 

-40 to ±85 

°c 

Storage temperature range 

-65 to ±150 

°c 

Lead temperature (soldering, 60sec) 

300 

°c 


Rating applied for case temperatures to+125°C. Derate linearly at 5.6mW/®C for ambient 
temperatures above +95°C. 


EQUIVALENT SCHEMATIC 


F,N-14 PACKAGE 


Nccr 


3nc 

NcjT 


]3nc 

UT COMP. a[T 


INPUT COMP. B 




INVERTtNOrr' 

INPUT 1- 


^OUTPUT 

v-E 


^OUTPUT COMP. 

nc[T 


T]nc 


ORDER PART NO. 

/XA709AF, /iA709AN-14, mA709F, 
mA 709N-14, SA709CF, SA709CN-14, 
/iA709GN-14 

T PACKAGE 


INPUT COMP. 6 



'output comp. 


ORDER PART NO. 

;uA709AT, mA709T, mA709CT 


N PACKAGE 



ORDER PART NO. 

mA709AN, mA709N. 
mA709CN, SA709CN 



—O OUTPUT COMPENSATION 


too 











mA709/709A/709C/SA709C-F,N,N-14,T 

DC ELECTRICAL CHARACTERISTICS +9V < Vs < ±15V (mA 709, /iA709A) Vs = +15V (mA709C, SA709C) 

Ta = 25°C unless otherwise specified.* 





^A709 

/zA709C 

mA709A 

SA709C 



PARAMETER 

TEST CONDITIONS 













UNIT 


Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Vos 

Offset voltage 

Rs< lokn 


1.0 

5.0 


2.0 

7.5 


0.6 

2.0 


2.0 

7.5 

mV 

Vos 

Offset voltage 

Over temp 



6.0 



10 



3.0 



10 

mV 

Vos 

Drift 

Rs = 50 over temp 


3.0 






1.8 

10 




mV/°C 



Rs< 10k + 25°C <Ta <Tmax 


6.0 






2.0 

15 




mV/°C 



Rs< 10k Tmin<TA<+25°C 


6.0 






4.8 

25 





los 

Offset current 



50 

200 


100 

500 


10 

50 


100 

500 

nA 



Tmax 


20 

200 



750 


3.5 

50 



750 

nA 



Tmin 


100 

500 



750 


40 

250 



750 

nA 

I BIAS 

Input current 



200 

500 


300 

1500 


100 

200 


300 

1500 

nA 



Tmin 


500 

1500 



2000 


300 

600 



200C 

nA 



Tmax 






2000 






200C 

nA 

VcM 

Common mode 

Vs = ±15V 




±8.0 

±10 





±8.0 

±10 


V 


voltage range 

Vs = ±15V over temp 

±8.0 

±10 





±8.0 

±10 





V 

CMRR 

Common mode 

Rs<10kn 




65 

90 





65 

90 


dB 


rejection ratio 

Rx< lOkO over temp 


70 

90 




80 

110 





dB 

Rin 

Input resistance 


150 

400 


50 

250 


350 

700 


50 

250 


kn 



Over temp 

40 

100 


35 



85 

170 


35 



kn 

AvOL 

Large signal voltage 

RL>2kn, Vout = ±10V 




15 

45 





15 

45 


V/mV 


gain 

Rl a 2kn, Vout = ±1 OV, over temp 

25 

45 

70 

12 



25 


70 

12 



V/mV 

VOUT 

Output voltage swing 

RL = 2ka Vs = ±15V 

±10 

±13 


±10 

±13 


±10 

±13 


±10 

±13 


V 



RL=10kn, Vs = ±15V 

±12 

±14 


±12 

±14 


±12 

±14 


±12 

±14 


V 



RL = 2ka Vcc = ±15V over temp 

±10 

±13 





±10 

±13 





V 



Rl = 10ka, Vcc = ±15V over temp 

±12 

±14 





±12 

±14 





V 

Pd 

Power consumption 

Vs = ±15V 


80 

165 


80 

200 


75 

108 


80 

200 

mW 



TA = high 








63 

90 




mW 



Ta = Iow 








81 

135 




mW 

PSRR 

Supply voltage 

Rs<10kn 





25 

200 





25 

200 

yUV/V 


rejection ratio 

Rs^ 10ka, over temp 

25 

150 






40 

100 





Rout 

Output resistance 

_i 


150 



150 



150 



150j 


n 


‘NOTE 


Operating temperature range 
mA709, mA709A -55°C<Ta<125'’C 
SA709C -40°C<Ta<85°C 

mA709C 0°C<Ta<70°C 
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/iA709/709A/709C/SA709C-F,N,N-14,T 


AC ELECTRICAL CHARACTERISTICS ±9V < Vs < ±15V (/iA709, ;uA 709A) Vs = ±15V (mA709C, SA709C) 

Ta = 25° C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

mA709 

/IA709C/SA709C 

/uA709A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Transient response 












Rise time 

ViN = 10mV, RL = 2kn 

Ri = 1.5kn C 2 = 200pF, 


0.3 

1.0 


0.3 



0.3 


fxS 


R 2 = 50n ViN = 2mV, 












Rl = 2kn Cl = 5nF 









1.5 

MS 

Overshoot 

Cl<100pF 


10 

30 


10 



10 

30 

% 

1 _ 


TYPICAL PERFORMANCE CHARACTERISTICS 


VOLTAGE TRANSFER 
CHARACTERISTIC 
(juA709 AND aiA709C) 



-1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0 

INPUT VOLTAGE -mV 


INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(mA709 and mA709C) 



INPUT OFFSET CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(juA709 AND mA709C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 


/<A709/709A/709C/SA709C-F,N,N-14,T 


VOLTAGE GAIN 

OUTPUT VOLTAGE SWING 

INPUT COMMON MODE 

AS A FUNCTION OF 

AS A FUNCTION OF 

VOLTAGE RANGE AS A 

SUPPLY VOLTAGE 

SUPPLY VOLTAGE 

FUNCTION OF 

(mA709A) 

(mA709A) 

SUPPLY VOLTAGE 
(mA709A) 




SUPPLY VOLTAGE — ±V 



10 11 12 13 14 15 

SUPPLY VOLTAGE - ±V 



POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
(/uA709A) 


— 

— 

S°< 


























— 


















VOLTAGE TRANSFER 
CHARACTERISTICS 
(mA709A) 


//1""Ta= 25°C 


Rl 

= ±15V. 
= 10KI1 

_ 1 _ 





























t ■ 



VOLTAGE GAIN AS A 
FUNCTION OF 
AMBIENT TEMPERATURE 
(mA709A) 



= lOKn 1 











— 

— 





_ 





— 







SUPPLY VOLTAGE — ±V 


-1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0 

INPUT VOLTAGE -mV 


TEMPERATURE — °C 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 
(mA709A) 


INPUT BIAS CURRENT AS 
A FUNCTION OF 
AMBIENT TEMPERATURE 
(mA709A) 


INPUT BIAS CURRENT AS 
A FUNCTION OF 
SUPPLY VOLTAGE 
(mA709A) 





13 
























mA709/709A/709C/"SA709C-F,N,N-14,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


INPUT RESISTANCE 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(mA709 and iuA709C) 


POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(mA709 and /uA709C) 


INPUT BIAS CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
()uA709 AND juA709C) 



OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 
(AtA709 AND /iA709C) 



LOAD RESISTANCE - K(2 


FREQUENCY COMPENSATION 
CIRCUIT 

(mA709 and mA709C) 



‘NOTE 

Use R2 = 50ft when the 
amplifier is operated with 
capacitive loading. 


TRANSIENT RESPONSE 
(mA709 and juA709C) 









OVERS 

_JLv 

100T 











1 







. 1 








— Vs = 

±15V». 

25°C 


E' 

RISE TIM 

IE 

1_ 

Ta = 



1 





0 0.5 1.0 1.5 2.0 2.5 

TIME — /US 


FREQUENCY CHARACTERISTICS 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
(mA709 AND mA709C) 


FREQUENCY CHARACTERISTICS 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(mA 709 AND /uA709C) 


VOLTAGE GAIN AS A 
FUNCTION OF 
SUPPLY VOLTAGE 
(/iA709) 



SUPPLY VOLTAGE — ±V 



TEMPERATURE - °C 
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mA709/709A/709C/SA709C-F,N,N-14,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
(mA709) 


INPUT COMMON MODE 
VOLTAGE RANGE 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
(mA709) 


POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
(mA709) 
































M709/709A/709C/SA709C-F,N,N-14.T 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont’d) 


INPUT OFFSET CURRENT 

COMMON MODE REJECTION 

INPUT RESISTANCE AS 

AS A FUNCTION OF 

RATIO AS A FUNCTION OF 

A FUNCTION OF 

AMBIENT TEMPERATURE 

AMBIENT TEMPERATURE 

AMBIENT TEMPERATURE 

()uA709A) 

(mA709A) 

(mA709A) 


TEMPERATURE — °C 

TEMPERATURE — °C 

TEMPERATURE - °C 

POWER CONSUMPTION AS 

A FUNCTION OF 

AMBIENT TEMPERATURE 
(mA709A) 

TRANSIENT RESPONSE 
(mA709A) 

TRANSIENT RESPONSE 
TEST CIRCUIT 
(juA709A) 
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mA740C-T 


DESCRIPTION 

The juA740C Is a special purpose high per¬ 
formance operational amplifier utilizing a 
FET input stage for high input impedance 
and low Input current. 

The device features internal compensation, 
standard pinout, wide differential and com¬ 
mon mode input voltage range, high slew 
rate and high output drive capability. 


FEATURES 

• 0.1 nA input bias current 

• Input and output protection 

• Offset null capability 

• Internally compensated 

• 6V//US slew rate 

• Standard pinout 

• No latch-up 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

±22 

V 

Differential input voltage range 

±30 

V 

Common mode input voltage range 

±Vs 


Power dissipation! 

500 

mW 

Operating temperature range 

0 to ±70 

°C 

Storage temperature range 

-65 to ±150 

°C 

Lead temperature (solder, 60sec) 

300 

°C 

Output short circuit durations 

Indefinite 



NOTES 


PIN CONFIGURATION 



1. Rating applies to case temperature to +25 °C. Derate linearly at 6.5mW/®Cfor ambient 
temperatures above 75 °C. 

2. Short circuit may be to ground or either supply. Rating applies to +125°C case 
temperature or +75 “C ambient temperature. 


DC ELECTRICAL CHARACTERISTICS Ta = 25 °C, Vs = ±15V unless otherwise specified. 



PARAMETER 

TEST CONDITIONS 

mA740C 

UNIT 


Min 

Typ 

Max 




Vos 

Offset voltage 

Rs < lookn 


30 

110 

mV 



Rs ^ lOOkO, over temp. 


30 


mV 

los 

Offset current 



60 

300 

pA 



Over temp. 


60 


pA 

Ibias 

Input current"' 



0.1 

2.0 

nA 



Over temp. 


1.1 

10 

nA 

VcM 

Common mode voltage ranged 

Over temp. 

±10 

±12 


V 

Cmrr 

Common mode rejection 
ratio 

Over temp. 

55 

80 


dB 

Rin 

Input resistance 



1,000,000 


Mn 

VoUT 

Output voltage swing 

Over temp., RL>2kn 

±10 

±13 


V 



Over temp., Rl> 10ka 

±12 

±14 


V 

Icc 

Supply current 



4.2 

8.0 

mA 

Pd 

Power consumption 



126 

240 

mW 

PSRR 

Supply voltage rejection 
ratio 

Rs < lOkO, over temp. 


70 

500 

mV/V 

Output resistance 



75 


ft 

Avol 

Large signal voltage gain 

RL>2kn, VouT = ±10V, 

20 

1000 


V/mV 



RL>2kn, over temp. 


500 


V/mV 


NOTES 


1. Typically doubles for every 10°C increase in temperature. 

2. For supply voltages less than ±15V, absolute maximum input voltage is equal to the 
supply voltage. 
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A<A740C-T 


EQUIVALENT SCHEMATIC 
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yuA740C-T 


AC ELECTRICAL CHARACTERISTICS Ta = 25‘>c, Vs - ±15V 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

mA740C 

UNIT 

Min 

Typ 

Max 

Slew rate 

Unity gain bandwidth 



6.0 

1.0 


V/llS 

MHz 

Transient response (voltage 
follower circuit) 

Rise time 

Overshoot 

Ta = 25°C, ViN-100mV 
CL<100pf, RL = 2kn 

j 

_i 

300 

10 


ns 

% 


TYPICAL PERFORMANCE CHARACTERISTICS 



TEST CIRCUITS 



VOLTAGE FOLLOWER CIRCUIT 
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mA747/747C/SA747C-F,K,N 


DESCRIPTION 

The 747 is a pair of high performance mono¬ 
lithic operational amplifiers constructed on 
a single silicon chip. High common mode 
voltage range and absence of “latch-up” 
make the 747 ideal for use as a voltage 
follower. The high gain and wide range of 
operating voltage provides superior per¬ 
formance in integrator, summing amplifier, 
and general feedback applications. The 747 
is short-circuit protected and requires no 
external components for frequency com¬ 
pensation. The internal 6dB/octave roll-off 
insures stability in closed loop applications. 
For single amplifier performance, see 
)uA741 data sheet. 

FEATURES 

• No frequency compensation required 

• Short-circuit protection 

• Offset voltage null capability 

• Large common-mode and differential 
voltage ranges 

• Low power consumption 

• No latch-up 

• MA747,SA747CMilstd 883A,B,C avail¬ 
able 


PIN CONFIGURATIONS 


F/N PACKAGE 



/xA747F, SA747CN, SA747CF 



EQUIVALENT SCHEMATIC 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



mA747 

±22 

V 

mA747C 

±18 

V 

SA747C 

±18 

V 

Internal power dissipation 



Metal can 

500 

mW 

DIP 

670 

mW 

Differential input voltage 

±30 

V 

Input voltage 

±15 

V 

Voltage between offset null 



and V- 

±0.5 

V 

Storage temperature range 

-65 to ±155 


Operating temperature range 



mA747 

-55 to ±125 

°C 

mA747C 

0 to ±70 


SA747C 

-40 to ±85 

°C 

Lead temperature 



(soldering, 60 sec) 

300 

°C 

Output short-circuit duration 

indefinite 
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mA747/747C/SA747C-F,K,N 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

mA747 

/xA747C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs < 10ka 


2.0 

5.0 


2.0 

6.0 

mV 

Vos 

Offset voltage 

Rs ^ 10kn, over temp 


3.0 

6.0 


3.0 

7.5 

mV 

los 

Offset current 



20 

200 


20 

200 

nA 

los 

Offset current 

Ta = +125°C 


7.0 

200 




nA 

los 

Offset current 

Ta = -55°C 


85 

500 




nA 

los 

Offset current 

Over temp 





7.0 

300 

nA 

I BIAS 

Input current 



80 

500 


80 

500 

nA 

Ibias 

Input current 

Ta = 125°C 


30 

500 




nA 

•bias 

Input current 

Ta = -55°C 


300 

1500 




nA 

Ibias 

Input current 

Over temp 





30 

800 

nA 

VOUT 

Output voltage swing 

Rl > 2kn, over temp 

±10 

±13 


±10 

±13 


V 



Rl > 10kn, over temp 

±12 

±14 


±12 

±14 


V 

Icc 

Supply current 



1.7 

2.8 


1.7 

2.8 

mA 



Ta = 125°C 


1.5 

2.5 




mA 



Ta = -55°C 


2.0 

3.3 




mA 


i 

Over temp 





2.0 

3.3 

mA 


-1 

Power consumption 



50 

85 


50 

85 

mW 



Ta = 125°C 


45 

75 




mW 



Ta = -55°C 


60 

100 




mW 



Over temp 





60 

100 

mW 

Input capacitance 



1.4 



1.4 


pF 

Offset voltage adjustment range 



±15 



±15 


V 

Output resistance 


bhi 


■H 

HH 


HH 


Channel separation 


■llllll 


mi 

HHI 


HHI 


PSRR 

Supply voltage rejection 



30 

150 


30 

150 

AtV/V 


ratio 

Rs ^ 10kn, over temp 








Avol 

Large signal voltage gain (DC) 

RL>2kn VOUT = ±10V 

50,000 



25,000 



V/V 


smnDtiBS 
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mA747/747C/SA747C-F,K,N 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SA747C 

UNIT 

Min 

Typ 

Max 

Vos 

Offset voltage 

Rs< 10kn 


2.0 

6.0 

mV 

Vos 

Offset voltage 

Rs < 10ka, over temp 


3.0 

7.5 

mV 

los 

Offset current 



20 

200 

nA 

los 

Offset current 

Over temp 



500 

nA 

I BIAS 

Input current 




1500 

nA 

Ibias 

Input current 

Over temp 



500 

nA 

VOUT 

Output voltage swing 

Rl > 2kn, over temp 

±10 

±13 


V 



Rl > lOka, over temp 

±12 

±14 


V 

Icc 

Supply current 



1.7 

2.8 

mA 



Over temp 


2.0 

3.3 

mA 


Power consumption 



50 

85 

mW 



Over temp 


60 

100 

mW 

Input capacitance 



1.4 


pF 

Offset voltage adjustment range 



±15 


V 

Output resistance 



75 


a 

Channel separation 



120 


dB 

PSRR 

Supply voltage rejection 







ratio 

Rs ^ 10kn, over temp 


30 

150 

mV/V 

Large signal voltage gain (DC) 

RL >2ka VouT = ±10V 

25,000 



V/V 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 


UNIT 

Min 



Transient response 

ViN = 20mV, Rl = 2ka, Ci < lOOpf 





Risetime 

Unity gain CL < lOOpf 


0.3 


MS 

Overshoot 

Unity gain CL < lOOpf 


5.0 


% 

Slew rate 

RL > 2ka 

1 

0.5 


V/mS 
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iuA747/747C/SA747C-F,K,N 


TYPICAL PERFORMANCE CHARACTERISTICS 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 


OPEN LOOP PHASE RESPONSE 
AS A FUNCTION OF 
FREQUENCY 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 



1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY - Hz 



FREQUENCY - Hz 



FREQUENCY-Hz 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


INPUT COMMON MODE VOLTAGE 
RANGE AS A FUNCTION OF 
SUPPLY VOLTAGE 



SUPPLY VOLTAGE - +V 



TRANSIENT RESPONSE 


VOLTAGE FOLLOWER 
LARGE SIGNAL PULSE 
RESPONSE 


FREQUENCY CHARACTERISTICS 
AS A FUNCTION OF 
SUPPLY VOLTAGE 






Vs 

Ta 

= +15V 

= 25°C 





Cl 

= lOOpF 


90%^ 
























10% 

' RISET 

IME 









pA747 


0 ,5 1.0 1.5 2.0 2.5 




TIME -fiS 


TIME -mS 


SUPPLY VOLTAGE - +V 
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mA747/747C/SA747C-F,K,N 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


FREQUENCY CHARACTERISTICS 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


INPUT BIAS CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 




TEMPERATURE - °C 


INPUT RESISTANCE 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


INPUT OFFSET CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


INPUT OFFSET CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



POWER CONSUMPTION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 


OUTPUT SHORT-CIRCUIT 
CURRENT AS A FUNCTION 
OF AMBIENT TEMPERATURE 



TEMPERATURE -°C 


LOAD RESISTANCE - KU 


TEMPERATURE -Oc 
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^A747/747C/SA747C-F,K,N 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


ABSOLUTE MAXIMUM POWER 
DISSIPATION AS A FUNCTION 
OF AMBIENT TEMPERATURE 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
FREQUENCY 


INPUT NOISE CURRENT 
AS A FUNCTION OF 
FREQUENCY 



25 45 65 85 105 125 

TEMPERATURE - °C 



FREQUENCY-Hz 



FREQUENCY-Hz 


BROADBAND NOISE FOR TRANSIENT RESPONSE 

VARIOUS BANDWIDTHS TEST CIRCUIT 


VOLTAGE OFFSET 
NULL CIRCUIT 



SOURCE RESISTANCE -Q 




i 
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mA748/748C/SA748C>F,N,N-14 


DESCRIPTION 


FEATURES 


PIN CONFIGURATIONS 


The 748 is a High Performance Operational 
Amplifier featuring high gain, short circuit 
immunity, offset voltage null capability, 
simplified compensation and excellent tem¬ 
perature stability. 


• Short circuit protection 

• Offset voltage null capability 

• Large common-mode and differential 
voltage ranges 

• Low power consumption 

• No iatch-up 

• Mil std 883A,B»C available 


EQUIVALENT CIRCUIT 


COMPENSATION 



All resistors values are typical and in ohms. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



mA748 

±22 

V 

mA 748C i 

±18 

V 

SA748C ) 



Internal power dissipationi 

500 

mW 

Differential output voltage 

±30 

V 

Input voltage2 

±15 

V 

Storage temperature range 

-65 to +150 

°C 

Operating temperature range 



mA748 

-55 to+125 

°C 

mA748C 

0 to +70 

°C 

SA748C 

-40 to +85 

°C 

Lead temperature 

300 


Output short circuit durations 

indefinite 



F,N-14 PACKAGE 



ORDER PART NO. 

mA748F. mA748N-14, mA748CF, 
SA748CF, mA748CN-14. SA748CN-14 

N PACKAGE 



ORDER PART NO. 

mA748N. mA748CN, SA748CN 

TPACKAGE 



ORDER PART NO. 

mA748T, mA748CT 


NOTES 

1. Rating applies for case temperatures to +70°C. 

2. For supply voltages less than ±15V, the absolute maximum inputvoltageisequaltothe 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to +70°C ambient 
temperature. 
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AiA748/748C/SA748C-F,N,N-14 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

)uA748 

mA748C 

SA748C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 



Rs<10kaTA = 25°C 


1.0 

5.0 


2.0 

6.0 


2.0 

6.0 

mV 

Vos 

Offset voltage 

Over temperature 



6.0 



7.5 


7.5 


mV 

los 

Offset current 



20 



20 

200 


20 


nA 

los 

Offset current 

25° < Ta < Tmax 


7.0 

200 


9.0 

300 


7.0 


nA 

los 

Offset current 

Tmin ^ Ta ^ 25°C 


85 

500 


35 

300 


85 


nA 

Ibias 

Input current 



80 

500 


80 

500 


80 

500 

nA 

Ibias 

Input current 

25° < Ta ^ Tmax 


30 

500 


40 

800 


30 

500 

nA 

Ibias 

Input current 

Tmin ^ Ta ^ 25° C 


300 

1500 


130 

800 


300 

1500 

nA 

VCM 

Common mode voltage range 

Over temperature 

±12 

±13 


±12 

±13 



±12 

±13 

V 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = ±15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

mA748 

)uA748C/SA748C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Cmrr 

Common mode rejection ratio 

Rs < ±10ka, over temperature 

70 

90 


70 

90 


dB 

Rin 

Input resistance 


0.3 

2.0 


.30 

2.0 


Mn 

VoUT 

Output voltage swing 

Rl > 2kn, over temperature 

±10 

±13 


±10 

±13 


V 

VOUT 

Output voltage swing 

Rl > lOkn, over temperature 

±12 

±14 


±12 

±14 


V 

Icc 

Supply current 



1.7 

2.8 

■■■ 

n 

2.8 


Icc 

Supply current 

25° < Ta ^ Tmax 


1.5 

2.5 


IB 

3.3 


Icc 

Supply current 

Tmin < Ta < 25° C 


2.0 

3.3 

Hfl 

■a 

3.3 


Pd 

Power consumption 

Ta = 25°C 


50 

85 


50 

85 

mW 

Pd 

Power consumption 

25° < Ta ^ Tmax 


45 

75 


48 

100 

mW 

Pd 

Power consumption 

Tmin <Ta<25°C 


60 

100 


54 

100 

mW 

PSRR 

Supply voltage rejection ratio 

Rs < lOkn, over temperature 


30 

150 


30 

150 

mV/V 

Output resistance 

Ta = 25°C 


75 



75 


n 

A VOL 

Large signal voltage gain 

RL>2kn VouT ±10V ±15V 

50 

200 


50 

200 


V/mV 

Avol 

Large signal voltage gain 

Over temperature 

25 



25 



V/mV 

Input capacitance 



1.4 



1.4 


PF 

Offset voltage adjustment 
range 



±15 



±15 


mV 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

fiATAB 

^A748C/SA748C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Transient response (unity gain) 

Rise time 

Overshoot 

ViN = 20mV, Rl = 2kn 

Cl< lOOpF 

Ci = 30pF 


0.3 

5.0 



0.3 

5.0 


AtS 

% 

Slew rate 

Rl > 2kn Ci = 30pF 


0.5 



0.5 


y/jdS 


SigilDtiCS 
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/xA748/748C/SA748C-F,N,N-14 


TYPICAL CHARACTERISTIC CURVES 


POWER CONSUMPTION INPUT BIAS CURRENT INPUT RESISTANCE 

AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 

SUPPLY VOLTAGE AMBIENT TEMPERATURE AMBIENT TEMPERATURE 





INPUT OFFSET CURRENT INPUT OFFSET CURRENT POWER CONSUMPTION 

AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 

SUPPLY VOLTAGE AMBIENT TEMPERATURE AMBIENT TEMPERATURE 





OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 


OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


ABSOLUTE MAXIMUM POWER 
DISSIPATION AS A FUNCTION 
OF AMBIENT TEMPERATURE 





INPUT NOISE CURRENT 
AS A FUNCTION OF 
FREQUENCY 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
FREQUENCY 


BROADBAND NOISE 
AS A FUNCTION OF 
SOURCE RESISTANCE 
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mA748/748C/SA748C-F,N,N-14 


TYPICAL CHARACTERISTIC CURVES (Contd) 


OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREQUENCY 



OPEN LOOP PHASE RESPONSE 
AS A FUNCTION OF 
FREQUENCY 



OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 



FREQUENCY-Hl 


INPUT RESISTANCE AND INPUT 
CAPACITANCE AS A FUNCTION 
OF FREQUENCY 


OUTPUT RESISTANCE 
AS A FUNCTION OF 
FREQUENCY 


COMMON MODE REJECTION 
RATIO AS A FUNCTION 
OF FREQUENCY 





TRANSIENT RESPONSE 


VOLTAGE FOLLOWER 
LARGE SIGNAL PULSE RESPONSE 


FREQUENCY CHARACTERISTICS 
AS A FUNCTION OF 
SUPPLY VOLTAGE 





FREQUENCY CHARACTERISTICS 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 



OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
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NE/SE592-F,K,N 


DESCRIPTION 

The SE/NE592 is a monolithic, two stage, 
differential output, wideband video amplifi¬ 
er. It offers fixed gains of 100 and 400 
without external components and adjust¬ 
able gains from 400 to 0 with one external 
resistor. The input stage has been designed 
so that with the addition of a few external 
reactive elements between the gain select 
terminals, the circuit can function as a high 
pass, low pass, or band pass filter. This 
feature makes the circuit ideal for use as a 
video or pulse amplifier in communications, 
magnetic memories, display and video re¬ 
corder systems. The 592 is a pin-for-pin 
replacement for the )uA733. 


FEATURES 

• 120MHz bandwidth 

• Adjustable gains from 0 to 400 

• Adjustable pass band 

• No frequency compensation required 


EQUIVALENT CIRCUIT 



PIN CONFIGURATION 


F,N PACKAGE 



G2A gain select 



NOTE 

Pin 5 connected to case. 


ABSOLUTE MAXIMUM RATINGS Ta = 25° C unless otherwise specified. 


PARAMETER 

RATING 

UNIT 

Supply voltage 

±8 

V 

Differential input voltage 

±5 

V 

Common mode 



Input voltage 

±6 

V 

Output current 

10 

mA 

Operating temperature range 



SE592K 

-55 to +125 

°C 

NE592K 

0 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Power dissipation 

500 

mW 


123 














NE/SE592-F,K,N 


DC ELECTRICAL CHARACTERISTICS Ta = +25°C, Vs = ±6V, VcM = 0 unless otherwise specified 

Recommend operating supply voltages Vs = ±6.0V 


PARAMETER 

TEST CONDITIONS 

NE592 

SE592 

UNITS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Differential voltage gain 




—^- 





Gain 1i 

Rl = 2kn, VouT = 3V p-p 

250 

400 

600 

300 

400 

500 

v/v 

Gain 22 


80 

100 

120 

90 

100 

110 

v/v 

Bandwidth 









Gain 11 



40 



40 


MHz 

Gain 22 



90 



90 


MHz 

Rise time 









Gain 1i 

VoUT = IV p-p 


10.5 



10.5 


ns 

Gain 22 



4.5 

12 


4.5 

10 

ns 

Propagation delay 









Gain 11 

VoUT = 1V p-p 


7.5 



7.5 


ns 

Gain 22 



6.0 

10 


6.0 

10 

ns 

Input resistance 









Gain 11 



4.0 



4.0 


kn 

Gain 22 


10 

30 


20 

30 


kn 

Input capacitance2 

Gain 2 


2.0 



2.0 


pF 

Input offset current 



0.4 

5.0 


0.4 

3.0 

AiA 

Input bias current 



9.0 

30 


9.0 

20 

/uA 

Input noise voltage 

BW 1kHz to 10kHz 


12 



12 


AtVrms 

Input voltage range 




±1.0 



±1.0 

V 

Common mode rejection ratio 









Gain 2 

VCM ±1V,F< 100kHz 

60 

86 


60 

86 


dB 

Gain 2 

VCM ±1V,F = 5MH2 


60 



60 


dB 

Supply voltage rejection ratio 









Gain 2 

AVS = ±0.5V 

50 

70 


50 

70 


dB 

Output offset voltage 









Gain 33 

Rl = " 


0.35 

0.75 


0.35 

0.75 

V 

Output common mode voltage 

Rl = “ 

2.4 

2.9 

3.4 

2.4 

2.9 

3.4 

V 

Ouptut voltage swing 

CM 

II 

_J 

DC 

3.0 

4.0 


3.0 

4.0 



Ouput resistance 



20 



20 


n 

Power supply current 

Rl = “ 


18 

24 


18 

24 

mA 


NOTES 

1. Gain select pins Gia and Gib connected together. 

2. Gain select pins G 2 A and G 2 B connected together. 

3. All gain select pins open. 
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NE/SE592-F,K,N 


TYPICAL PERFORMANCE CHARACTERISTICS 


COMMON MODE REJECTION 
RATIO AS A FUNCTION OF FREQUENCY 


OUTPUT VOLTAGE SWING 
AS A FUNCTION OF FREQUENCY 


PULSE RESPONSE 


llllllllllllll 

mnmam 

ShISSIIIIIIII 

inw 


ll■■li!!■lll 

■■nil 


■III 

liS! 

■■nil 


■III 

■Ill 

iSIIII 


■III 

■III 

IliiiS 


■III 

■III 

llllll 


■III 

■III 

■■nil 


■III 

■III 

■■nil 

Ok 


■■nil 




5 10 50 100 

FREQUENCY—MHz 


-15 -10 -5 0 5 10 15 20 25 30 35 

TIME-ns 


DIFFERENTIAL OVERDRIVE 
RECOVERY TIME 


PULSE RESPONSE AS A 
FUNCTION OF 
SUPPLY VOLTAGE 


PULSE RESPONSE AS A 
FUNCTION OF 
TEMPERATURE 









1 GAIN 2 

□ 














Vs 

1 

= ±8V 

- 




_ 


t 


= ±6V 

F 

u- 



0 20 40 60 80 100 120 140 160 160 200 

DIFFERENTIAL INPUT VOLTAGE—mV 


-15 -10 -5 0 5 10 15 20 25 30 35 

TIME—ns 



-15 -10 -5 0 5 10 15 20 25 30 35 

TIME—ns 


VOLTAGE GAIN AS A 
FUNCTION OF 
TEMPERATURE 


GAIN vs FREQUENCY 
AS A FUNCTION OF 
TEMPERATURE 


VOLTAGE GAIN AS A 
FUNCTION OF 
SUPPLY VOLTAGE 



10 20 30 40 50 60 70 

TEMPERATURE-® C 



50 100 
FREQUENCY—MHz 




k=2 

i°C 






> 
































SUPPLY VOLTAGE— ±V 
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NE/SE592-F,K,N 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


GAIN vs FREQUENCY 
AS A FUNCTION OF 
SUPPLY VOLTAGE 


VOLTAGE GAIN 
ADJUST CIRCUIT 


VOLTAGE GAIN 
AS A FUNCTION OF 
RADJ (FIGURE 3) 





SUPPLY CURRENT 
AS A FUNCTION 
OF TEMPERATURE 


SUPPLY CURRENT 
AS A FUNCTION 
OF SUPPLY VOLTAGE 


OUTPUT VOLTAGE AND 
CURRENT SWING AS 
A FUNCTION OF 
SUPPLY VOLTAGE 
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SUPPLY VOLTAGE— ±V 



OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 


INPUT RESISTANCE 
AS A FUNCTION OF 
TEMPERATURE 


INPUT NOISE VOLTAGE 
AS A FUNCTION OF 
SOURCE RESISTANCE 
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NE/SE592-F,K,N 


TYPICAL APPLICATIONS 


FILTER NETWORKS 


+ 6 



Vo(s) 1.4X104 

V 1 (s) Z(s) + 2re 

1.4 X 104 
Z(s) + 32 

BASIC CONFIGURATION 


Z NETWORK 


FILTER 

TYPE 


Vo (s) TRANSFER 
Vi (s) FUNCTION 


1.4 X 104 


_nnnn-o 


LOW PASS 


s + R/L 


1.4 X 104 


O-VA- 


HIGH PASS 


s + 1/RC 


R L C 

o-- mm -II-o 


BAND PASS 


1.4 X 104 


s2 + R/L s + 1/LC 


1.4 X 104 


BAND REJECT 


s2 + 1/LC 
s2 + 1/LC + s/RC 


NOTE 

In the networks above, the R value used is 
assumed to include 2re, or approximately 32n. 


DISC/TAPE PHASE MODULATED READBACK SYSTEMS 



DIFFERENTIATION WITH 
HIGH COMMON MODE 
NOISE REJECTION 


+6 



FOR FREQUENCY Fi << 1/2 tt (32) C 
Vo= 1.4X 104C.M_ 

dT _ 














mA733/733C-F,K,N 


DESCRIPTION 

The 733 is a monolithic differential input, 
differential output, wideband video amplifi¬ 
er. It offers fixed gains of 10,100 or 400 
without external components, and ad¬ 
justable gains from 10 to 400 by the use of an 
external resistor. No external frequency 
compensation components are required for 
any gain option. Gain stability, wide band¬ 
width and low phase distortion are obtained 
through use of the classic series-shunt 
feedback from the emitter follower outputs 
to the inputs of the second stage. The emit¬ 
ter follower outputs provide low output im¬ 
pedance, and enable the device to drive ca¬ 
pacitive loads. The 733 is intended for use as 
a high performance video and pulse amplifi¬ 
er in communications, magnetic memories, 
display and video recorder systems. 


FEATURES 

• 120MHz bandwidth 

• 250kn input resistance 

• Selectable gains of 10,100 and 400 

• No frequency compensation required 

• Mil std 883A,B,C available 


CIRCUIT SCHEMATIC 



PIN CONFIGURATION 
F,N PACKAGE 



NOTE 

Pin 5 connected to case. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Differential input 

±5 

V 

Voltage 



Common mode input 

±6 

V 

Voltage 



Vcc 

±8 

V 

Ouput current 

10 

mA 

Junction temperature 

+150 

°C 

Storage temperature range 

-65 to +150 


Operation temperature range 



mA733C 

0 to +75 

°C 

AiA733 

-55 to +125 

°C 

Pd Power dissipation 



K package 

500 

mW 

N, F package 

670 

mW 


s[gnotiCS 


129 

















/iA733/733C-F,K,N 


DC ELECTRICAL CHARACTERISTICS Ta = +25°C, Vs = ±V, VCM = 0 unless otherwise specified. 

Recommended operating supply voltages Vs = ±6.0V. 


PARAMETER 

TEST CONDITIONS 

iuA733C 

AtA733 

UNITS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Differential voltage gain 









Gain 


250 

400 

600 

300 

400 

500 

v/v 

Gain 2^ 

Ri = 2kn, VouT = 3Vp-p 



120 

90 

100 

110 

v/v 

Gain 3^ 



10 

12 

9.0 

10 

11 

v/v 

Bandwidth 








mm 

Gain 1"' 



40 



40 



Gain 2^ 



90 



90 



Gain 3^ 



120 



120 


MHz 

Rise time 









Gain l"* 



10.5 



10.5 



Gain 2^ 

VouT = 1Vp-p 


4.5 



4.5 



Gain 3^ 



2.5 



2.5 



Propagation delay 


niiiiii 







Gain 1^ 






7.5 



Gain 2^ 

VoUT = 1Vp-p 





6.0 

10 


Gain 3^ 


HlfH 




3.6 


ns 

Input resistance 




’ 





Gain I"* 



4.0 



4.0 


kn 

Gain 2^ 


10 

30 


20 

30 


kn 

Gain 3^ 



250 



250 


ka 

Input capacitances 

Gain 2 


2.0 



2.0 


pF 

Input offset current 



0.4 

5.0 


0.4 

3.0 

mA 

Input bias current 



9.0 

30 


9.0 

20 

mA 

Input noise voltage 

BW=1kHz to 10MHz 


12 



12 


/uVrms 

Input voltage range 


±1.0 



±1.0 



V 

Common mode 









Rejection ratio 









Gain 2 

VCM = ±V,f< 100kHz 

60 

86 



86 



Gain 2 

VCM = ±1V,F = 5MHz 


60 



60 



Supply voltage 









Rejection ratio 









Gain 2 

AVs = ±0.5V 

50 

70 



70 


dB 

Output offset voltage 









Gain I"* 

Rl = 00 


0.6 

1.5 


0.6 

1.5 

V 

Gain 2 and 3^’^ 



0.35 

1.5 


0.35 

1.0 

V 

Output common mode voltage 

Rl= CO 

2.4 

2.9 

3.4 

2.4 

2.9 

3.4 

V 

Output voltage swing 

CM 

II 

_l 

cc 

3.0 

4.0 


3.0 

4.0 



Output sink current 


2.5 

3.6 


2.5 

3.6 


mA 

Output resistance 



20 



20 


a 

Power supply current 

Rl±« 


18 

24 


18 

_1 

24 

mA 


NOTES 

1. Gain select pins Gia and Gib connected together. 

2. Gain select pins G 2 A and G 2 B connected together. 

3. All gain select pins open. 


130 


sijinotios 





































PHASE SHIFT—DEGREES 
































SINGLE ENDED VOLTAGE 


iuA733/733C-F,K,N 


TYPICAL PERFORMANCE CHARACTERISTICS (Confd) 
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iuA733/733C-F,K,N 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


OUTPUT VOLTAGE SWING 
AS A FUNCTION 
OF LOAD RESISTANCE 


INPUT RESISTANCE 
AS A FUNCTION 
OF TEMPERATURE 


INPUT NOISE VOLTAGE 
AS A FUNCTION 
OF SOURCE RESISTANCE 



G 

iC 


o 

z 


(A 

(A 

C 




TEST CIRCUITS Ta = 25®C unless otherwise specified. 
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LM109/209/309-DA.DB 


DESCRIPTION 

The LM109/209/309 are complete 5 volt 
regulators fabricated on a single silicon 
chip. These regulators are designed for 
local “on card” regulation to eliminate many 
of the noise and ground loop problems 
associated with single-point regulation. 
They employ internal current limiting, ther¬ 
mal shutdown, and safe-area compensation 
which makes the circuitry essentially blow¬ 
out proof. If adequate heat sinking is pro¬ 
vided, the devices can deliver output cur¬ 
rents in excess of 200mA from the TO-5 
package, and 1A from the TO-3 package. In 
addition to their use as fixed 5 volt regula¬ 
tors, these devices may be used with exter¬ 
nal components to obtain adjustable output 
levels. They may also be used as the power 
pass element in precision regulators. 


FEATURES 

• Output currents in excess of 1mA 

• Internal thermal overload protection 

• Internal current limiting 

• No external components required 

• LM109 military qualifications pending 


PIN CONFIGURATION 



EQUIVALENT CIRCUIT 



Bjonotics 
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LM109/209/309-DA,DB 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Input voltage 

35 

V 

Power dissipation 

Internally limited 


Operating junction temperature range 
LM109 

-55 to 150 


LM209 

-25 to 150 

°c 

LM309 

Oto 125 

°c 

Storage temperature range 

-65 to 150 

°c 

Lead temperature (soldering, 10 sec) 

300 

°c 


DC ELECTRICAL CHARACTERISTICS Tj = 25°C, V|N = 10V unless otherwise specifiedi.2 


PARAMETER 

TEST CONDITIONS 

LM109/LM209 

LM309 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output voltage 


4.7 

5.05 

5.3 

4.8 

5.05 

5.2 

V 

Line regulation 

7V <Vin<25V 


4 

50 


4 

50 

mV 

Load regulation 

TO-5 

5mA < loUT ^ 0.5A 


20 

50 


20 

50 

mV 

TO-3 

5mA < louT ^ 1.5A 


50 

100 


50 

100 

mV 

Output voltage 

5mA <louT^I max’ P<Pmax’ overtemp. 
8V < ViN < 20V 

4.6 


5.4 




V 


7V < ViN < 25V 




4.75 


5.25 

V 

Quiescent current 

7V < ViN ^ 25V, over temp. 


5.2 

10 


5.2 

10 

mA 

Quiescent current change 

5mA < loUT < Imax 



0.5 



0.5 

mA 


8V<Vin<25V 



0.8 




mA 


7V < ViN < 25V 






0.8 

mA 

Output noise voltage 

10Hz<f< 100kHz 


40 



40 


mV 

Long term stability 




10 



20 

mV 

Thermal resistance junction to case2 









TO-5 



15 



15 


°C/W 

TO-3 



3 



3 


°C/W 


NOTES 


1. Unless otherwise specified, I quT = 0.1 A for the TO-5 package or I OUT "^O.SA for the 
TO-3 package. For the TO-5 package, I max = 0.2A and Pmax = 2.0W. For the TO-3 
package, Imax = 1.0A and Pmax = 20W. 

2. Without a heat sink, the thermal resistance of the TO-5 package is about 150°C/W, 
while that of the TO-3 package is approximately 35° C/W. With a heat sink, the effective 
thermal resistance can only approach the values specified, depending on the 
efficiency of the sink. 
















LM109/209/309-DA, DB 


TYPICAL PERFORMANCE CHARACTERISTICS 


MAXIMUM AVERAGE 
POWER DISSIPATION 
LM109/LM209 (TO-3) 


MAXIMUM AVERAGE 
POWER DISSIPATION 
LM309 (TO-3) 


MAXIMUM AVERAGE 
POWER DISSIPATION 
LM109/LM209 (TO-5) 



MAXIMUM AVERAGE 
POWER DISSIPATION 
LM309 (TO-5) 



OUTPUT IMPEDANCE 



FREQUENCY—Hz 


PEAK OUTPUT CURRENT 
DA PACKAGE (TO-3) 



INPUT VOLTAGE-V 


PEAK OUTPUT CURRENT 
DB PACKAGE (TO-5) 


RIPPLE REJECTION 


DROPOUT VOLTAGE 
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LM340-DA,U 


DESCRIPTION 

The LM340 series of 3-terminal regulators is 
available with several fixed output voltages 
making them useful in a wide range of 
applications. One of these is local on card 
regulation, eliminating the distribution 
problems associated with single point regu¬ 
lation. The voltages available allow these 
regulators to be used in logic systems, 
instrumentation, HiFi, and other solid state 
electronic equipment. Although designed 
primarily as fixed voltage regulators these 
devices can be used with external compo¬ 
nents to obtain adjustable voltages. 


FEATURES 

• Output current in excess of 1A 

• Internal thermal overload protection 

• No external components required 

• Output transistor safe area protection 

• Internal short circuit current limit 

• Available in plastic TO-220 and metal 
TO-3 packages 


EQUIVALENT SCHEMATIC 



PIN CONFIGURATION 


U PACKAGE (TO-220) 

(Top View) 

r- OUTPUT (2) 

==>^ COMMON (3) 


INPUT (1) 



ORDER INFORMATION 


OUTPUT 

ORDER 

VOLTAGE 

PART NO. 

5V 

LM340-5U 

6V 

LM340-6U 

8V 

LM340-8U 

12V 

LM340-12U 

15V 

LM340-15U 

18V 

LM340-18U 

24V 

LM340-24U 


DA PACKAGE (TO-3) 
(Top View) 



ORDER INFORMATION 


OUTPUT 

ORDER 

VOLTAGE 

PART NO. 

5V 

LM340-5DA 

6V 

LM340-6DA 

8V 

LM340-8DA 

12V 

LM340-12DA 

15V 

LM340-15DA 

18V 

LM340-18DA 

24V 

LM340-24DA 
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LM340-DA,U 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Input voltage 



Vo = 5V through 18V 

35 

V 

Vo - 24V 

40 

V 

Internal power dissipationi 

Operating temperature range 

Internally limited 
Oto 70 

°c 

Maximum junction temperature 



TO-3 package 

150 

°c 

TO-220 package 

150 

°c 

Storage temperature range 

-65 to +150 

°c 

Lead temperature 



TO-3 package (soldering lOsec) 

300 

°c 

TO-220 package (soldering, lOsec) 

230 

°c 


NOTE 


1. Thermal resistance without a heat sink for junction to case temperature is 4°C/W for 
the TO-3 package and 6° C/W for the TO-220 package. Thermal resistance for case to 
ambient temperature is 35°C/W for the TO-3 package and 50°C/W for the TO-220 
package. 


DC ELECTRICAL CHARACTERISTICS Iout = 500mA, (0°C < Ta ^ 70°C) unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM340-5 

LM340-6 

LM340-8 

UNiT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output voltage 

Tj = 25°C 

Pd = <15W 

5mA < loUT ^ 1 -OA 

V 

4.8 

7V< 

4.75 

N = 10 

5 

V|N < 

V 

5.2 

20V 

5.25 

V 

5.75 

8V5 

5.7 

IN = 11 
6 

^ ViN ^ 

V 

6.25 

21V 

6.3 

N 

7.7 

10.5\ 

7.6 

/IN = 14 
8 

/< ViN 

V 

8.3 
<23V 

8.4 

V 

V 

Line regulation 

Tj = 25° C 
louT = lOOmA 
louT = 500mA 

7V< 

V|N < 

25V 

50 

100 

8Vf 

i V|N < 

25V 

60 

120 

10.5\ 

/< ViN 

<25V 

80 

160 

mV 

Load regulation 

Tj = 25°C 

5mA < loUT ^ 1.5A 



100 



120 



160 

mV 

Quiescent current 

Tj = 25°C 


4.2 

10 


4.2 

10 


4.2 

10 

mA 

Quiescent current 
change 


7Vf 

^ V|N < 

25V 

1.3 

8V5 

^ V(N < 

25V 

1.3 

10.5V 

< V|N - 

S25V 

1 

mA 

5mA < louT ^ 1 .SA 



.5 



.5 


. . 1 

.5 

mA 

Output noise 
voltage 

Tj = 25°C 
10Hz<f < lOOkHz 


40 



45 



52 


mA 

Voltage drift 

mV/1000 Hrs. 



20 



24 



32 

mV 

Ripple rejection 

louT - 20mA 
f= 120Hz 


60 



57 



i 

55 


dB 

Dropout voltage 

Tj = 25°C 

2 



2 



2.5 



V 
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LM340-DA,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) louT = 500mA, (0°C < Ta < 70°C) unless otherwise specified. 




LM340-12 

LM340-15 

LM340-18 

LM340-24 


PARAMETER 

TEST CONDITIONS 

Min 

Typ 

Max 

_ 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

UNIT 

Output voltage 

Tj = 25° C 

ViN = 19V 

ViN = 23V 

ViN = 27V 

ViN = 33V 




11.5 

12 

12.5 

14.4 

15 

15.6 

17.3 

18 

18.7 

23 

24 

25 

V 


Pd = <15W 

14.5V <ViN< 27V 

17.5V <ViN< 30V 

21V< Vin<33V 

27V < ViN < 38V 



5mA < louT ^ "I.OA 

11.4 


12.6 

14.25| 

15.75 

1T1 


18.9 

22.8 


25.2 

V 

Line regulation 

Tj = 25°C 

14.5V < ViN < 30V 

17.5V < ViN < 30V 

21V < ViN < 33V 

27V < ViN < 38V 



louT = 100mA 



120 



150 



180 



240 

mV 


louT = 500mA 



240 



300 



360 



480 . 

mV 

Load regulation 

Tj = 25°C 


■i 

I^Til 












5mA < loUT 1-5A 


■ 

Hi 








■i 

m 


Quiescent current 

Tj = 25°C 



mm 


mm 

S 


Ea 

US 


wm 

lEI 




> 

o 

CO 

VI 

z 

> 

VI 

> 

m 

> 

o 

CO 

VI 

z 

> 

VI 

> 

21V< ViN < 33V 

27V < ViN < 38V 


Quiescent current 




1 



1 



1 



1 

mA 

change 

5mA < louT 1.5A 



.4 



.5 



.5 



.5 

mA 

Output noise 

Tj = 25°C 


75 












voltage 

10Hz <f< 100kHz 




90 



110 



170 


mV 

voltage drift 

mV/1000 Hrs. 



48 






72 



96 

mV 

Ripple rejection 

louT = 20mA 


52 



50 



48 



44 


dB 


f= 120Hz 














Dropout voltage 

Tj = 25°C 

2.5 



2.5 



3 

_ 



3 



V 
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OBJECTIVE SPECIFICATION 


NE/SE5551/2/3/4/5-N,T 


DESCRIPTION 


FEATURES 


PIN CONFIGURATIONS 


The NE/SE5551, 2, 3, 4, 5 are dual polarity 
tracking regulators designed to produce 
balanced or unbalanced output voltages 
from 5 to 20 volts with up to 300 mA output 
current. Similar in specifications to the 
78MXX and 79MXX fixed regulators, the 
5551 series can be continuously adjusted, 
balanced or unbalanced. Standard fixed 
voltages available are ±5, ±6, ±12, ±15, and 
±5, -12 volts. Employing current limiting 
and thermal shutdown protection, these 
dual polarity regulators are ideal for local 
on-card regulation. 


• Output current to 300mA 

• Internally current limited 

• Thermal overload protected 

• Input voltage to ±32V 

• Output balance 1% typ. 

• External balance control 

• Continuously adjustable from 5 to 20 
volts, balanced or unbalanced 

• No external components required 

• Short circuit current 400mA 

• Heat sink available for increased power 
dissipation 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

ViN input voltage 

±32 

V 

Tsg storage temperature 

-65 to +150 

°c 

Tj operating junction temperature 



NE5551,2,3,4,5 

Oto +125 

°c 

SE5551,2,3,4,5 

-55 to +150 


Lead temperature 10 sec. 

300 

oc 


BLOCK DIAGRAM 


+ V|N 




N PACKAGE 





ITl ■^''OUT 

N.C. [T 




'TTj BALANCE 

GND [T 




jU control 

“V|N [T 




Til "''out 

NC [T 




To] NC 

NC [F 




T] NC 

NC [T 




~8~] NC 

ORDER PART NUMBERS 

VOLTAGE 


PART NO. 

±5V 



SE/NE5551N 

±6V 



SE/NE5552N 

±12V 



SE/NE5553N 

±15V 



SE/NE5554N 

+5, -12V 


SE/NE5555N 


T PACKAGE 


J 

''out 

n 


^V|N / 


(D 


BALANCE 

z 

o 


© 

CONTROL 

GND ^ 

s, 

0 


-Vout 



-''in 



ORDER PART NUMBERS 

VOLTAGE 


PART NO. 

±5V 



SE/NE5551T 

±6V 



SE/NE5552T 

±12V 



SE/NE5553T 

±15V 



SE/NE5554T 

+5, -12V 


SE/NE5555T 

Power dissipation (without heat sink) 

T Package 2.0W 





N Package 2.0W 




I New power package pending for over 8W dissipation, j 


signutics 
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OBJECTIVE SPECIFICATION 


NE/SE5551/2/3/4/5-NJ 


DC ELECTRICAL CHARACTERISTICS Vin = ±20V. Il = 100mA, Tj = 25°c, 


C|N = CouT = O-VF unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE5551 

NE5551 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 




±4.8 

±5 

±5.2 




■■ 

VOUT 

Output voltage 


-5.2 

±5 

-4.8 

WM 



HBI 


Line regulation 

±20 < Vin < ±30V 


100 

150 






Load regulation 

1mA < iLoad ^ 50mA 


5 

15 







1 mA < 1 Load ^ 200mA 

' 

15 

50 

IHI 




VOUT 

Output voltage 

1mA < Il ^ 100mA 

±4.7 



QQI 



■■ 



±20V < ViN ^ ±30V over temp.i 

-5.3 





■SI 

MM 

Iq+ 

Positive quiescent current 

iLoad = 0 








Iq- 

Negative quiescent current 

iLoad = 0 







mooli 


Input/output differential voltage 



7 



7 


V 

Vbal 

Output voltage balance 

1 


.2 



.2 


V 


Output noise voltage 

lOOHz to 10kHz 


55 



55 


juVRMS 

I Peak 

Peak output current 



400 



400 


mA 


Temperature stability of 



1 



1 


mV/°C 


output voltage 










DC ELECTRICAL CHARACTERISTICS (Cont d) 


PARAMETER 

TEST CONDITIONS 

SE5552 

NE5552 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 




±5.75 

±6 

±6.25 

±5.75 

±6 

±6.25 


VoUT 

Output voltage 


-6.25 

-6 

-5.75 

-6.25 

-6 

-5.75 

V 


Line regulation 

±20 < Vin < ±30V 


100 

150 


100 

300 

mV 


Load regulation 

1mA < iLoad ^ 50mA 


5 

15 


5 

25 

mV 



1mA < iLoad — 200mA 


15 

50 


15 

100 

mV 

VoUT 

Output voltage 

1mA < Il ^ 100mA 

±5.7 

±6 

±6.3 

±5.7 

±6 

±6.3 

V 



±20V < Vin ^ ±30V over temp.1 

-6.3 

-6 

-5.7 

-6.3 

-6 

-5.7 

V 

Iq± 

Positive quiescent current 

I Load = 0 


1.70 

3.5 


1.70 

3.5 

mA 

IQ- 

Negative quiescent current 

I Load = 0 


5.6 

8.5 


5.60 

8.5 

mA 


Input/output differential voltage 



6 



6 


V 

Vbal 

Output voltage balance 



.2 



.2 


V 


Output noise voltage 

100Hz to 10kHz 


55 



55 


iuVrms 

I Peak 

Peak output current 



400 



400 


mA 


Temperature stability of 



1 



1 


mV/°C 


output voltage 










DC ELECTRICAL CHARACTERISTICS (Contd) 


PARAMETER 

TEST CONDITIONS 

SE5553 

NE5553 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



±11.5 

±12 

±12.5 

±11.5 

±12 

±12.5 


VouT Output voltage 


-12.5 

-12 

-11.5 

-12.5 

-12 

-11.5 

V 

Line regulation 

±20 < Vin < ±30V 


100 

150 


100 

300 

mV 

Load regulation 

1mA < iLoad ^ 50mA 


10 

25 


10 

50 

mV 


1mA < I Load ^ 200mA 


30 

100 


30 

200 

mV 

VouT Output voltage 

1mA < II ^ 100mA 

±11.4 

±12 

±12.6 

±11.4 

±12 

±12.6 

V 


±20V < ViN ^ ±30V over temp.1 

-12.6 

-12 

-11.4 

-12.6 

-12 

-11.4 

V 

Iq± Positive quiescent current 

I Load = 0 


1.70 

3.5 


1.70 

3.5 

mA 

Iq- Negative quiescent current 

I Load = 0 


5.60 

8.5 


5.60 

8.5 

mA 

Input/output differential voltage 



2.5 



2.5 


V 

Vbal Output voltage balance 



.2 



.2 


V 

Output noise voltage 

100Hz to 10kHz 


55 



55 


juVrms 

Ipeak Peak output current 



400 



400 


mA 

Temperature stability of 



1 



1 


mV/°C 

output voltage 
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OBJECTIVE SPECIFICATION 


NE/SE5551/2/3/4/5-N,T 


DC ELECTRICAL CHARACTERISTICS (Cont d) Vin - ±20V, II = 100mA, Tj - 25°C, 


CiN ^ Cqut = 0.1 juF unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE5554 

NE5554 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 




±14.4 

±15 

±15.6 

±14.4 

±15 

±15.6 


VOUT 

Output voltage 


-15.6 

-15 

-14.4 

-15.6 

-15 

-14.4 

V 


Line regulation 

±20 < Vin < ±30V 


100 

150 


100 

300 

mV 


Load regulation 

1mA < iLoad ^ 50mA 


10 

25 


10 

50 

mV 



1mA < iLoad < 200mA 


30 

100 


30 

200 

mV 

VOUT 

Output voltage 

1mA < II ^ 100mA 

+14.25 

±15 

±15.75 

±14.25 

±15 

±15.75 

V 



±20V < Vin < ±30V over tempJ 

-15.75 

-15 

-14.25 

-15.75 

-15 

-14.25 

V 

Iq+ 

Positive quiescent current 

. 

Load — 0 


1.70 

3.5 


1.70 

3.5 

mA 

Iq- 

Negative quiescent current 

Load — 0 


5.60 

8.5 


5.60 

8.5 

mA 


Input/output differential voltage 



2.5 



2.5 


V 

Vbal 

Output voltage balance 



.2 



.2 


V 


Output noise voltage 

100Hz to 10kHz 


55 



55 


yuVrms 

I Peak 

Peak output current 



400 



400 


mA 


Temperature stability of 



1 



1 


mV/°C 


output voltage 










DC ELECTRICAL CHARACTERISTICS (Contd) 


PARAMETER 

TEST CONDITIONS 

SE5555 

NE5555 

UNIT 

— 

Min 

Typ 

Max 

Min 

Typ 

Max 




±4.8 

±5 

±5.2 

±4.8 

±5 

±5.2 


VoUT 

Output voltage 


-12.5 

-12 

-11.5 

-12.5 

-12 

-11.5 

V 


Line regulation 

±20 < Vin < ±30V 


100 

150 


100 

300 

mV 


Load regulation 

1mA < Load ^ 50mA 


10 

25 


10 

50 

mV 



1mA < Load ^ 200mA 


30 

100 


30 

200 

mV 

VoUT 

Output voltage 

1mA < L ^ 100mA 

±4.7 

±5 

±5.3 

±4.7 

±5 

±5.3 

V 



±20V < V|N ^ ±30V over temp.i 

-12.6 

-12 

-11.4 

-12.6 

-12 

-11.4 

V 

Iq± 

Positive quiescent current 

Load = 0 


1.70 

3.5 


1.70 

3.5 

mA 

Iq- 

Negative quiescent current 

Load = 0 


5.60 

8.5 


5.60 

8.5 

mA 


Input/output differential voltage 



2-5 



2.5 


V 

Vbal 

Output voltage balance 



.2 



.2 


V 


Output noise voltage 

100Hz to 10kHz 


55 



55 


juVrms 

Ipeak 

Peak output current 



400 



400 


mA 


Temperature stability of 



1 



1 


mV/°C 


output voltage 










NOTES 

1. Junction temperature range- 

SE prefix -55° C < Tj < 150°C 
NE prefix 0°C <Tj < 125°C 

2. CiN needed only when isolated from filter capacitors 
CouT needed only if dynamic regulation is to be improved. 

3. Thermal resistance, DIP 

djA = 95°C/W ejc = 35°C/W, TO-5 
0JA = 150°C/W 0JC = 25°C/W 
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OUTPUT VOLTAGE DEVIATION (mV) 


OBJECTIVE SPECIFICATION 


NE/SE5551/2/3/4/5-N,T 


TYPICAL PERFORMANCE CHARACTERISTICS 


LOAD REGULATION IQ +, IQ - RIPPLE REJECTION 



MAXIMUM CURRENT CAPABILITY MAXIMUM POWER DISSIPATION^ LINE TRANSIENT RESPONSE, POSITIVE 



INPUT-OUTPUT DIFFERENTIAL AMBIENT TEMP. ('"C) S/JS/DIV 


LINE TRANSIENT RESPONSE, NEGATIVE LOAD TRANSIENT RESPONSE, POSITIVE LOAD TRANSIENT RESPONSE, 

NEGATIVE 



5^(S/DIV Sms/DIV Sms/di V 


4. Device capability in free air. 
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V,N (Volts) 





























OBJECTIVE SPECIFICATION 

BLOCK DIAGRAM 


NE/SE5551/2/3/4/5-N,T 


+v,nO- 




-V|nC>- 


Ci 


C2 

0.1ajFi 


TYPICAL CONNECTION 


+ V,N 

+ VOUT 


BALANCE 

GND 

SE/NE5554 


CONTROL 

-V|N 

-Vqut 


^ 0.1/UF2 

1 




R4 < 

_1 

LJ 

1 ' 
► R3 

1 __ 


t: 


0.1mF2 


R1 and R2 adjust +Vout 
with respect to -Vqut 
R 3 and R4 adjust -Vqut 
F rom -5V to -20V 


1. Required if regulator is operated any distance from filter capacitor. 

2. Not required for stability, but improves dynamic regulation. 


-O +VOUT 


-O -Vqut 


TYPICAL APPLICATIONS 


HIGH CURRENT TRACKING REGULATOR 



Vbe 


iREG(max) (/3 + 1) - lout(max) 
For 

J3(Q) ^ lout (max) 


Ireg (max) 


Bignotics 
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SE/NE550-F,L,N 


DESCRIPTION 

The 550 is a precision monolithic voltage 
regulator capable of positive or negative 
supply operation as series, shunt, switching 
or floating regulator. Guaranteed line regu¬ 
lation is provided for input voltages ranging 
from 8.5 volts to as high as 50 volts. The 
output voltage can be continuously adjust¬ 
ed from 2 volts to 40 volts. Foldback current 
limiting can be accomplished through the 
use of one external resistor. Internal circuit¬ 
ry permits on and off strobing with DTL and 
TTL logic inputs and latched shut-down 
with a pulsed input. 

CIRCUIT SCHEMATIC 


V + FREQ. COMP. '^C ''OUT 



FEATURES 

• Line regulation guaranteed over input 
voltage range of 8.5 volts to as high as 50 
volts. 

• Output voltage continuously adjustable 
from 2 volts to 40 volts 

• .01% line and load regulation 

• Adjustable limiting of short circuit cur¬ 
rent 

• Foldback current limiting with one exter¬ 
nal resistor 

• Remote and latching shutdown 

• Output current up to 150mA without ex¬ 
ternal power transistors 


PIN CONFIGURATIONS 


F,N PACKAGE 


NcfT 


ITInc 

CURRENT rj- 
LIMIT'- 


COMP. 

CURRENT rj- 
SENSE*- 


jU V + 

INVERTING 

INPUT* - 


mv 

NON-INVERTING 

INPUT* - 


2 ^ ''out 

''ref[T 


I]''z 

v-[T 


Tl NC 

ORDER PART NO. 


SE550F 

NE550N 

SE550F 

NE550F 

L PACKAGE 



CURRENT 



LIMIT 


CURRENT 1 1 

FREQ. 

SENSE 

s,^^COMP. 

INVERTING / © ® 

\ 

INPUT / 0 


NON-INVERTING 

INPUT 

\ © 

©jvc 

''ref\® 0 ® 



V - 


ORDER PART NO. 


SE550L 

NE550L 


EQUIVALENT CIRCUIT 



148 


signotics 

















SE/NE550-F,L,N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Voltage from V+ to V- 



SE550 

50 

V 

NE550 

40 

V 

Input-output voltage differential 



SE550 

45 

V 

NE550 

37 

V 

Maximum output current 



SE550 

150 

mA 

NE550 

150 

mA 

Current from Vz 



SE550 

15 

mA 

NE550 

15 

mA 

Internal power dissipation! 



SE550 

800 

mW 

NE550 

800 

mW 

Operating temperature range 



SE550 

-55 to +125 

°C 

NE550 

Oto 70 

°C 

Storage temperature range 



SE550 

-65 to +150 

°C 

NE550 

-65 to +150 

°C 

Lead temperature 



SE550 

300 

°C 

NE550 

300 

°C 


NOTE 

1. Rating applies for case temperatures to 125®C; derate linearly at 6.5mW/®C for 


ambient termperature above +75°C. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 1.2 


PARAMETER 

TEST CONDITIONS 

NE550 

SE550 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Line regulation 

ViN = 8.5 to 40V 


.08 

0.3 




%V0UT 


0° C < Ta < 70° C, ViN = 12 to 40V 



0.35 




%VoUT 


ViN = 12to 40V 





0.05 

0.1 

%VoUT 


ViN = 8.5 to 50V 





0.2 

0.6 

%VoUT 


-55° C < Ta< +125° C, ViN = 12 to 40V 






0.25 

%V0UT 

Load regulation 

II = 1mA to 50mA 


.03 

0.2 


0.03 

.10 

% Vo LIT 


0°C<Ta<70°C 



0.4 




%VoUT 


-55°C<Ta<+125°C 






.6 

%V0UT 

Ripple rejection 

f = 50Hz to 10kHz 







dB 


Cref ~ 0 


75 



75 


dB 


Cref = 5/uF 


90 



90 


dB 

Average temperature coefficient 

-55° <Ta<+125°C 








of output voltage 

0°C<Ta<70° 


.002 

.015 





Short circuit limit 

RSC = ion, VouT = 0 

50 


70 

50 



mA 

Reference voltage 


1.58 

1.63 

1.73 

1.58 

1.63 

1.68 

V 

Output noise voltage 

BW = lOOHz to lOkHz, Cref = 0 


20 



20 


yuVrms 


BW = 10OHz to 10kHz, Cref = 5mF 


2.5 



2.5 


)uVrms 

Long term stability 



_ 



0.1 



Standby current drain 

II = 0, ViN = 50V 







mA 


II = 0, ViN = 40V 







mA 

Input voltage range 



HH 


8.5 

■■■■ 


■■QUBH 

Output voltage range 




40 

2.0 

Ifllll 

BEI 









mm 



I_ 





■H 

■■ 



^ 2. The load and line regulation specifications are for constant temperature junction. 

1. ViN = V+ = Vc = 12V, V- = OV, VouT = 5V, It = 1mA, Rsc = OiCI = lOOpF, and divider Temperature drift effects must be taken into account separately when the unit is 

impedance as seen by error amplifier = 2kn. operating under conditions of high or varying dissipation. 
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SE/NE550-F,L,N 


TYPrCAL PERFORMANCE CHARACTERISTICS 


























BASIC POSITIVE VOLTAGE 

REGULATOR 

WV.N 



VreF VouT 


CL 


cs 


RSC 

AAAr 


N.l. 


V 



REGULATED 

OUTPUT 


r 


VOUT = Vref 


R1 + R2 
R2 


ISc^Vsense 


RSC 


^1^2 _ 2knfor minimum 

Ri + R 2 temperature drift 


NEGATIVE VOLTAGE REGULATOR 



Ri + R 2 temperature drift 


NOTE 

To utilize the SE550L in applications which require Vz, an external 6.2 volt zener diode 
should be connected in series with Vqut. 


sjonDtics 
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SE/NE550--F,L,N 


TYPICAL APPLICATIONS (Cont d) 



POSITIVE VOLTAGE REGULATOR 
(External NPN Pass Transistor) 



FOLDBACK CURRENT LIMITED 
REGULATOR 



Iknee = 


VSENSE 

Rsc 


Ifb = 


VSENSE - (RfB - Icl) 
Rsc 


Icl = 125iuA 


SECOND ORDER FOLDBACK 
CURRENT LIMITED REGULATOR 



_ _ VsENSE (Iknee - Ifb) Vqut _ 

Icl (Iknee - Ifb + isc) Vqut - (Ifb - Isc) Vsense 

^Vsense - Icl R 3 ) (Ifb - Isc) 

R 4 Vqut Isc - Vsense (Ifb - Isc) 
o_ _ (VouT + Vsense) R 3 /R 4 + Vsense 

Rsc- — - 

Icl = 125mA 
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SE/NE550-F,L,N 


TYPICAL APPLICATIONS (Cont’d) 

REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 


1V ref vout 


REMOTE LATCHING SHUTDOWN 
REGULATOR 
























SE/NE550-F,L.N 


TYPICAL APPLICATIONS (Cont d) 



























mA723/723C/SA723C-F,L,N 


DESCRIPTION 

The juA723/SA723C is a Monolithic Preci¬ 
sion Voltage Regulator capable of operation 
in positive or negative supplies as a series, 
shunt, switching or floating regulator. The 
723 contains a temperature compensated 
reference amplifier, error amplifier, series 
pass transistor, and current limiter, with 
access to remote shutdown. 


FEATURES 

• Positive or negative supply operation 

• Series, shunt, switching or floating oper¬ 
ation 

• .01% line and load regulation 

• Output voltage adjustable from 2 to 37 
volts 

• Output current to 150mA without exter¬ 
nal pass transistor 

• mA723 mil STD 88 3A, B, C available 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Pulse voltage from V+ to V- (50 ms) 



)uA723 

50 

V 

)uA723C 

SA723C 

Continous voltage from V+ to V- 



mA723 

40 

V 

aiA723C 

40 

V 

SA723C 

40 

V 

Input-output voltage differential 

40 

V 

Maximum output current 



mA723 

150 

mA 

A4A723C 

150 

mA 

SA723C 

150 

mA 

Current from Vref 



iuA723 

15 

mA 

mA723C 

SA723C 

Current from Vz 
/xA723 



mA723C 

25 

mA 

SA723C 

25 

mA 

Internal power dissipation"! 



juA723 

800 

mA 

iuA723C 

800 

mA 

SA723C 

800 

mA 

Operating temperature range 



mA723 

-55 to+125 

°C 

mA723C 

Oto 70 

°C 

SA723C 

-40 to +85 

°C 

Storage temperature range 



aiA723 

-65 to +150 

°C 

mA723C 

-65 to +150 

°C 

SA723C 

-65 to +150 

°C 

Lead temperature ’ 



mA723 

300 

°C 

)uA723C 

300 

°C 

SA723C 

300 

°C 
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AiA723/723C/SA723C-F,L,N 


EQUIVALENT CIRCUIT 


FREQUENCY 

COMPENSATION 



AMPLIFIER LIMITER 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified.1 


PARAMETER 

TEST CONDITIONS 

mA723C/SA723C 

mA723 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Line regulations 

V|N = 12V to ViN = 15V 



0.1 

■i 


0-1 

%VoUT 


V|N = 12V to ViN = 40V 


0.1 


■1 

0.02 

0.2 

%V0UT 

Load regulations 

II = 1mA to II = 50mA 


0.03 

0.2 


0.03 

0.15 

%V0UT 


f = 50Hz to 10kHz, Cref = 0 


74 



74 


dB 


f = 50Hz to 10kHz, Cref = 5mF 


86 



86 


dB 

Short circuit current limit 

Rsc = ion, VouT = 0 





65 


mA 

Reference voltage 


6.80 




7.15 


mm 

Output noise voltage 

BW = 100Hz to 10kHz, Cref = 0 





20 




BW = 10OHz to 10kHz, Cref = 5mF 





2.5 



Long term stability 




jjHnj 

m 

IQQI 


%/1000hrs. 

Standby current drain 

Il = 0, Vin = 30V 







mA 

Input voltage range 


9.5 

nm 

■9 


m 


V 

Output voltage range 


2.0 

m 





V 

Input-output voltage differential 


3.0 





38 

V 

The following specifications apply 





jm 

WKjM 



over the operating temperature 









ranges 









Line regulation 




0.3 



0.3 

%VoUT 

Load regulation 




0.6 



0.6 

%V0UT 

Average temperature coefficient 

Vin = 12V to Vin = 15V 




■1 




of output voltage 

_I 

II = 1mA to II = 50mA 


0.003 

0.015 

■ 

0.002 

0.015 

%/°C 


NOTES 


1 . ViN = V+ = Vc = 1 2V, V- = OV, VouT = 5V, II = 1 mA, Rsc = 0, Cl = 1 0OpF, Cref = 0 and 
divider impedance as seen by error amplifier < lOkn when connected as shown in 
Figure 3. 

2. The load and line regulation specifications are for constant junction temperature. 
Temperature drift effects must be taken into account separately when the unit is 
operating under conditions of high dissipation. 
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mA723/723C/SA723C-F,L,N 


TYPICAL PERFORMANCE CHARACTERISTICS 


STANDBY CURRENT DRAIN 
AS A FUNCTION OF 
INPUT VOLTAGE 



0 10 20 30 40 50 

INPUT VOLTAGE - V 


MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 
INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 



0 10 20 30 40 50 


(V|N - Vqut) - V 


LOAD REGULATION 
CHARACTERISTICS WITH 
CURRENT LIMITING 



0 20 40 60 80 100 


OUTPUT CURRENT-mA 


CURRENT LIMITING 
CHARACTERISTICS AS A 
FUNCTION OF JUNCTION 
TEMPERATURE 


MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 
INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 


LOAD REGULATION 
CHARACTERISTICS WITHOUT 
CURRENT LIMITING 



-50 0 +50 +100 +150 

JUNCTION TEMPERATURE - C 




0 20 40 60 80 100 

OUTPUT CURRENT-mA 


LOAD TRANSIENT RESPONSE 


LINE REGULATION AS A 
FUNCTION OF INPUT-OUTPUT 
VOLTAGE DIFFERENTIAL 


OUTPUT IMPEDANCE AS A 
FUNCTION OF FREQUENCY 
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M A723/723C/S A723C-F, L, N 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



TYPICAL APPLICATIONS 


LOW VOLTAGE REGULATOR 
(VoUT = 2 TO 7 VOLTS) 


NEGATIVE VOLTAGE REGULATOR 




REGULATED 

OUTPUT 


Vout = ' 

^ _ R1 R2 

H3- 

R "I + R2 


R2 

Rl + R2 

for minimum temperature drift 


Vout 


VREF ^ Rl + R 2 
2 R1 


R 3 = R 4 
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TYPICAL APPLICATIONS (Cont d) 


FOLDBACK CURRENT LIMITING REGULATOR 
(VouT = 2T07 VOLTS) 


mA723/723C/SA723C-F,L,N 



Vout R3 VSENSE (R3 + R4) 
Rgc R4 ^SC ^4 


VSENSE R3 + R4 

- X - 

Rop R4 




I 


= 3.4^2 

3 = 500 22 





<4 = 3 

.6Ki2 





' 

(NEE -j 






z 




_I 







/ 




_V 

/ 

_I 





I 

jHORT cct 



0 10 20 30 40 50 60 

OUTPUT CURRENT IN mA 

^ ^ Vqut 'sc _^ 

•^3 VsenSE ('knee -Ishortckt) 

VseNSE n ^3"! 


REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 
(VouT = 2T0 7VOLTS) 


HIGH VOLTAGE REGULATOR 
(VouT = 7TO 37 VOLTS) 




Vout = I^Vref 

Flo = for minimum temperature drift 

Ri + R2 

R3 may be eliminated for minimum component count 
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)uA78L02/5/6/8/12/15-DB,S 


DESCRIPTION 

The /xA78L00 series of 3-Terminal Positive 
Voltage Regulators employ internal current 
limiting and thermal shutdo\A/n, making 
them essentially indestructible. If adequate 
heat sinking is provided, they can deliver up 
to 100mA output current. They are intended 
as fixed voltage regulators in a wide range of 
applications including local or on card reg¬ 
ulation for elimination of noise and distri¬ 
bution problems associated with single 
point regulation. In addition, they can be 
used with power pass elements to make 
high current voltage regulators. The 
/uA78L00 used as a Zener diode/resistor 
combination replacement, offers an effec¬ 
tive output impedance improvement of typi¬ 
cally two orders of magnitude, along with 
lower quiescent current and lower noise. 


EQUIVALENT CIRCUIT 


FEATURES 

• Output curent up to 100mA 

• No external components 

• internal thermal overload protection 

• Internal short circuit current limiting 

• Available in JEDEC TO-92 and low pro¬ 
file TO-39 packages 

• Output voltages of 2.6V, 5V, 6.2V, 8.2V, 
12V and 15V 

• Output voltage tolerances or ±5% 
(78L00-A) and ±10% (78L00) over the 
temperature range 


CONNECTION DIAGRAMS 

DB PACKAGE (TO-39) 



ORDER INFORMATION 


OUTPUT 

VOLTAGE 

PART NO. 

2.6V 

78L02CDB 

2.6V 

78L02ACDB 

5V 

78L05CDB 

5V 

78L05ACDB 

6V 

78L06CDB 

6V 

78L06ACDB 

8.2V 

78L08CDB 

8.2V 

78L08ACDB 

12V 

78L12CDB 

12V 

78L12ACDB 

15V 

78L15CDB 

15V 

78L15ACDB 


S PACKAGE (JEDEC TO-92) 


COMMON N. 


OUTPUT —A -A— INPUT 


ORDER INFORMATION 


OUTPUT 

VOLTAGE 

PART NO. 

2.6V 

78L02CS 

2.6V 

78L02ACS 

5V 

78L05CS 

5V 

78L05ACS 

6V 

78L06CS 

6V 

78L06ACS 

8.2V 

78L08CS 

8.2V 

78L08ACS 

12V 

78L12CS 

12V 

78L12ACS 

15V 

78L15CS 

15V 

78L15ACS 



PARAMETER 

RATING 

UNIT 

Input voltage 



2.6V, 5V, 6.2V and 8.2V 

30 

V 

12V and 15V 

35 

V 

Internal power dissipation 

Internally limited 


Storage temperature range 



Metal can (TO-39 type) 

-65 to +150 

°c 

Molded TO-92 

-55 to +150 

°c 

Operating junction temperature range 

0 to +150 

°c 

Lead temperatures 



Metal can (soldering, 60s time limit) 

300 

°c 

Molded TO-92 (soldering, 10s time limit) 

260 
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M A78 L02/5/6/8/12/15- D B, S 


DC ELECTRICAL CHARACTERISTICS lour = 40mA. 0°C < Tj < +125°C, Cin = 0.33mF, Gout = o.VF 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78L02AC 

78L02C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Tj = 25°C 

1mA < louT ^ 70mA 

1mA < louT 40mA 

\ 

2.5 

4.75' 

2.45 

2.45 

/in = 9.0 
2.6 

/ < ViN : 

V 

2.7 

^20V 

2.75 

2.75 

\ 

2.4 

4.75' 

2.35 

2.35 

/in = 9.C 
2.6 

/ < V|N 

V 

2.8 
< 20V 
2.85 

2.85 

V 

V 

V 

Line regulation 

Tj = 25°C 

4.75 

5V 

^ V|N < 
40 

< V|N < 
30 

20V 

100 

20V 

75 

4.75' 

5V 

\l < V|N 
40 

< V|N< 
30 

< 20V 
125 
20V 

100 

mV 

mV 

Load regulation 

1 mA < lour < 100mA, Tj = 25°C 
1mA < louT ^ 40mA, Tj = 25°C 


10 

4.0 

50 

25 


10 

4.0 

50 

25 

mV 

mW 

Icc 

Tj = 25°C 

Tj = 125-0 


3.6 

6.0 

5.5 


3.6 

6.0 

5.5 

mA 

mA 

Alec 

With line 

With load, 1mA < Iqut ^ 40mA 

5V 

< ViN < 

20V 

2.5 

0.1 

5V 

< ViN < 

20V 

2.5 

0.2 

mA 

mA 

Output noise voltage 

Tj = 25°C, 10Hz<f< 100kHz 


30 



30 


/uV 

Long term stability 



10 



10 


mV 

Ripple rejection 

Tj = 25°C, f = 120Hz 

6V 

43 

<V|N< 

51 

16V 

6V 

42 

<V|N< 

51 

16V 

dB 

Dropout voltage 

Ta = 25°C 


1.7 



1.7 


V 

VouT Output temperature drift 

•out = 5mA 


-0.4 

1 



-0.4 


mV/°C 

Isc 

Tj = 25°C 


140 







DC ELECTRICAL CHARACTERISTICS (Contd) 


— 

PARAMETER 


78L05AC 

78L05C 

UNIT 







VouT Output voltage 

Tj = 25° C 

1 mA < louT ^ 70mA 

1mA < louT ^ 40mA 

4.8 

7V 

4.75 

4.75 

1 

l/|N = 10 
5.0 

<V|N< 

V 

5.2 

20V 

5.25 

5.25 

4.6 

IM 

4.50 

4.50 

/in = 10 
5.0 

< V|N ^ 

V 

5.4 

20V 

5.50 

5.50 


Line regulation 

Tj = 25°C 

7V 

8V 

< ViN < 
55 

<V|N< 
45 1 

20V 

150 

20V 

100 

7V 

8V 

_1 

< VlN < 

55 

< V|N < 

45 1 

20V 

200 

20V 

150 


Load regulation 


■ 


60 

30 

■ 




Icc 

Tj = 25°C 

Tj = 125°C 


3.8 



3.8 

6.0 

5.5 


Alec 

With line 

With load, 1mA < louT ^ 40mA 

8V 

VI 

z 

> 

VI 

m 


< ViN ^ 


< < 
E E 

Output noise voltage 

Tj = 25° C, 10Hz < f < 100kHz 


mm 



mm 


BSI 

Long term stability 



mm 



mm 


331 

Ripple rejection 

Tj = 25°C, f = 120Hz 

8V 

41 

< V|N < 
49 

18V 

8V 

40 

< ViN ^ 
49 

18V 

dB 

Dropout voltage 

Ta = 25°C 


BSi 



■a 


V 

VouT Output temperature drift 

louT == 5mA 





HBI 



Isc 

Tj = 25° C 





331 


mA 


s[gnDtics 
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DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 40mA, O^C < Tj <+125°C, Cin = 0.33;uF, Gout = 0.VF 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78L06AC 

78L06C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Tj = 25°C 

1mA < louT ^ 70mA 

1mA < louT ^ 40mA 

5.95 

8.5V 

5.90 

5.90 

^IN = 12 
6.2 

' < ViN < 

7 

6.45 

;20V 

6.50 

6.50 

5.7 

8.5V 

5.60 

5.6 

7in = 12 
6.2 

' < ViN ^ 

V 

6.7 
:20V 

6.80 

6.8 

V 

V 

V 

Line regulation 

Tj = 25°C 

8.5V 

9V 

' < ViN < 
65 

< ViN < 
55 

:20V 

175 

20V 

125 

8.5 

9V 

v< ViN 
65 

< V|N < 
55 

<20V 

200 

20V 

150 

mV 

mV 

Load regulation 

1 mA < loUT ^ 100mA, Tj = 25° C 
1mA < louT ^ 40mA, Tj = 25°C 


13 

6.0 

80 

40 


13 

6.0 

80 

40 

mV 

mV 

Icc 

Tj = 25°C 

Tj = 125°C 


3.9 

6.0 

5.5 


3.9 

6.0 

5.5 

mV 

mA 

Alec 

With line 

With load, 1mA<louT^40mA 

9.0V 

^ < ViN < 

:20V 

1.5 

0.1 

9.0\ 

/ < ViN f 

S20V 

1.5 

0.2 

mA 

mA 

Output noise voltage 

Tj = 25°C, 10Hz<f< 100kHz 


50 



50 

mA 


Long term stability 



14 



14 


mV 

Ripple rejection , 

Tj = 25°C, f= 120Hz 

10V 

40 

< ViN < 
46 

20V 

10V 

39 

< V|N< 
46 

20V 

dB 

Dropout voltage 

Ta = 25°C 


1.7 



warn 


V 

VouT Output temperature drift 

louT = 5mA 





E0 



Isc 

Tj = 25°C 


140 



140 


mA 1 


DC ELECTRICAL CHARACTERISTICS (Contd) 


PARAMETER 

TEST CONDITIONS 

78L08AC 

78L08C 

UNIT 







VouT Output voltage 

Tj = 25°C 

1mA < louT ^ 70mA 

1mA < louT ^ 40mA 

7.87 

11V 

7.8 

7.8 

7in = 14 
8.2 

^ V|N < 

V 

8.53 

23V 

8.60 

8.6 

7.54 

11V 

7.40 

7.40 

7in = 14 
8.20 
< V|N < 

V 

8.86 

23V 

9.0 

9.0 

V 

V 

V 

Line regulation 

Tj = 25°C 

11V 

12V 

<ViN< 

80 

s V|N < 
70 

23V 

175 

23V 

125 

11V 

12V 

< V|N< 
80 

<V|N< 
70 1 

23V 

200 

23V 

150 

mV 

mV 

Load regulation 

1mA < louT ^ 100mA, Tj = 25°C 
1mA < louT ^ 40mA, Tj = 25°C 


15 

8.0 

80 

40 



90 

45 

mV 

mV 

Icc 

Tj = 25°C 

Tj = 125°C 


3.9 

6.0 

5.5 

■ 

■ 

ll^ll 



With line 

With load, 1mA < louT 40mA 

12V 

< V|N < 






Output noise voltage 

Tj = 25° C, 10Hz < f < 100kHz 


60 






Long term stability 



19 



19 



Ripple rejection 

Tj = 25°C, f = 120Hz 

12V 

39 

<V|N< 

45 

22V 





Dropout voltage 

Ta = 25°C 


1.7 





V 

VouT Output temperature drift 

louT = 5mA 


-0.8 



-0.8^ 



Isc 

Tj = 25° C 


140 





^■SSi 
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DC ELECTRICAL CHARACTERISTICS (Cont'd) lour = 40mA, 0°C < Tj < +125“C, Cin = 0.33mF, Gout = O.i^F 

unless Otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78L12AC 

78L12C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Tj = 25°C 

1mA < louT ^ 70mA 

1mA < louT < 40mA 

11.5 

14.5 

11.4 

11.4 

^IN = 19 
12 

V < V|N 

V 

12.5 
<27V 

12.6 
12.6 

11.1 

14.5 

10.8 

10.8 

7in 

12 

V< ViN 

?V 

12.9 
< 27V 
13.2 
13.2 

V 

V 

V 

Line regulation 

Tj = 25°C 


H 


14.5 

16V 

v< ViN 
120 

' < ViN 5 
100 

<27V 

250 

27V 

200 

mV 

mV 

Load regulation 

1mA < louT < 100mA, Tj = 25° C 
1mA < louT < 40mA, Tj = 25° C 

■ 

20 

10 

100 

50 





Icc 

Tj = 25° C 

Tj = 125°C 


4.2 

6.5 

6.0 


4.2 

6.5 

6.0 

< < 
E E 


With line 

With load, 1mA < Iqut ^ 40mA 

16V 

VI 

z 

> 

VI 

27V 

1.5 

0.1 

16V 

£ ViN 5 



Output noise voltage 

Tj = 25°C, 10Hz<f< 100kHz 


80 



80 



Long term stability 



24 



24 

IB 


Ripple rejection 

Tj = 25°C,f= 120Hz 

15V 

37 

^ V|N < 
42 

25V 

15V 

36 

< V|N< 
42 

;25V 


Dropout voltage 

Ta = 25°C 


1.7 



1.7 


V 


loUT = 5mA 


-1.0 






Isc 

Tj = 25°C 


140 







DC ELECTRICAL CHARACTERISTICS (Cont d) 


PARAMETER 

TEST CONDITIONS 

78L15AC 

78L15C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Tj = 25° C 

1 mA < louT ^ 70mA 

1 mA < lour < 40mA 

' 

14.4 

17.5^ 

14.25 

14.25 

^IN = 23 

15 

^ ^ V|N - 

/ 

15.6 

S30V 

15.75 

15.75 

\ 

13.8 

17.5 

13.5 

13.5 

'IN = 23\ 

15 

/ < ViN 

/ 

16.2 

<30V 

16.5 

16.5 



Tj = 25°C 

17.5' 

20V 

/ ^ V|N = 
130 

< VlN ^ 

110 

9 

17.5 

20V 

H 

< 30V 
300 
30V 
250 

mV 

mV 

Load regulation 

1mA < louT < 100mA, Tj = 25° C 
1mA < louT < 40mA, Tj = 25°C 


25 

12 

150 

75 

■ 

n 



Icc 

Tj = 25°C 

Tj = 125°C 


4.4 

6.5 

6.0 

■ 

B 



Alee 


■ 

BDjjB 


■ 




Output noise voltage 

Tj = 25°C, 10Hz < f < 100kHz 


90 




. 


Long term stability 



30 



bb 



Ripple rejection 

Tj = 25°C,f = 120Hz 


1221 




■ 

dB 

Dropout voltage 

Ta = 25°C 


1.7 



1.7 


V 

VouT Output temperature drift 

•out = 5mA 


-1.3 



-1.3 


mV/°C 

Isc 

•Tj = 25°C 


140 





mA 


signDtics 
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TYPICAL PERFORMANCE CHARACTERISTICS 


QUIESCENT CURRENT 
AS A FUNCTION 
OF INPUT VOLTAGE 


QUIESCENT CURRENT 
AS A FUNCTION 
OF TEMPERATURE 


DROPOUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 




INPUT VOLTAGE—V 




DROPOUT CHARACTERISTICS 


LINE TRANSIENT 
RESPONSE 


LOAD TRANSIENT 
RESPONSE 



INPUT VOLTAGE-V 
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RIPPLE REJECTION 
AS A FUNCTION OF 
FREQUENCY 



FREQUENCY—Hz 


NOTE 

Other /iA78L00 Series Devices have similar curves. 
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HIGH DISSIPATION 
APPLICATION 


o 

z 

> 

MA78LXX 

■«r 

2 . ''out 

-• —1—0''OUT 

-L '*- < 

^C2 ^Rl 



When it is necessary to operate a /uA78L00 
regulator with a large input-output differen¬ 
tial voltage, the addition of series resistor R1 
will extend the output current range of the 
device by sharing the total dissipation be¬ 
tween R1 and the regulator. 

R1 may be calculated from 

R1 = VlN(MIN) - VOUT -2.0V 
Il(Max) + Iq 

where IQ is the regulator quiescent current. 

Regulator power dissipation at maximum 
input voltage and maximum load current is 
now 

Pd(MAX) = (Vi - Vout) Il(MAX) + Vi Iq 
where 

Vi = Vin(Max) - (Il(Max) + Iq) R1 

The presence of R1 will affect load regula¬ 
tion according to the equation: 

load regulation = load regulation 
(at constant Vin) (at constant Vi) 

+ (line regulation, mV per V) X 
(RDX (AIl). 

As an example, consider a 15V regulator 
with a supply voltage of 30 ± 5V, required to 
supply a maximum load current of 30mA. IQ 
is 4.3mA, and minimum load current is to be 
10mA. 

25-15-2 8 

R1 = - - = 240n 

30 + 4.3 34.3 

Vi = 35 - (30 + 4.3) .24 = 35 - 8.2 = 26.8V 

Pd(MAX) = (26.8 - 15) 30 +• 26.8 (4.3) 

= 354+ 115 

= 470mW, which will permit 
operation up to 70®C in most 
applications. 



Line regulation of this circuit is typically 
llOmV for an Input range of 25-35V at a 
constant load current, i.e. lImV/V. 


Load regulation = constant Vi load regulation 
(typically lOmV, 10-30mA II) 
+ (lImV/V) X 0.24 X 20mA 
(typically 53mV) 

= 63mV for a load current 
change of 20mA at a constant 
V,N of 30V. 

THERMAL CONSIDERATIONS 

The TO-92 molded package is capable of 
unusually high power dissipation due to the 
lead frame design. However, Its thermal 
capabilities are generally overlooked be¬ 
cause of a lack of understanding of the 
thermal paths from the semiconductor junc¬ 
tion to ambient temperature. While thermal 
resistance Is normally specified for the de¬ 
vice mounted 1cm above an infinite heat 
sink, very little has been mentioned of the 
options available to Improve on the conser¬ 
vatively rated thermal capability. 

An explanation of the thermal paths of the 
TO-92 and comparison of the thermal 
equivalent circuit of the TO-39 metal pack¬ 
age with that of the TO-92 will allow the 
designer to determine the thermal stress he 
Is applying in any give application. 

THE METAL CAN THERMAL 
MODEL 

In the TO-39 case, where the die is attached 
directly to the base of a metal package, the 
thermal equivalent circuit is often repre¬ 
sented simply as a series connection of the 
juntion-to-case thermal resistance, 0jc, and 
the case-to-ambient thermal resistance, 
ScA, as shown in Figure 1. 

In this model, the current source represents 
the thermal energy source; TJ Is the junc¬ 
tion temperature, assuming a constant sur¬ 
face temperature across the die; djc is the 
junction-to-case thermal resistance, meas¬ 
ured at a point on the case directly beneath 
the die location; Oca is the thermal resist¬ 
ance from the case to the ultimate heat sink, 
ambient temperature, as represented by the 
battery. The heat flow is analogous to elec¬ 
trical current, and temperature to voltage. 
The total thermal resistance from junction 
to ambient is then: 

Oja = Ojc + Oca 

The maximum power dissipation is a func¬ 
tion of the maximum permissible junction 
temperature (which is a function of the 
package materials and construction) and 
the total thermal resistance from the junc¬ 
tion to ambient temperature. Junction 
temperature is assumed to the limiting fac¬ 
tor. 


Thus: maximum power dissipation 


Tj(MAX) - Ta 

Pd =- 

Ojc + Oca 


Since 0JA = Ojc + Oca 


Tj(max) - Ta 

then 0JA -- 

Pd 


or 0JA Pd = Tj - Ta 


Tj-Ta 



Therefore, using the Vbe method of junction 
temperature sensing, and attaching a ther¬ 
mocouple to the case at the location speci¬ 
fied, the relative values of Ojc, and dcA can 
readily be determined. 

The thermal ratings of the metal can pack¬ 
age are normally presented with the case 
attached to an infinite heat sink at still air 
ambient temperature. This causes dcA to go 
to zero resulting in 0jc representing the 
total djA- The infinite heat sink is an unreal¬ 
izable condition in the practical world, but 
serves to project a goal. 

THE TO-92 PACKAGE 

The TO-92 package thermal paths are con¬ 
siderably more complex than those of the 
TO-39 metal can package. In addition to the 
path through the molding compound to 
ambient temperature, there is another path 
through the leads in parallel with the case 
path, to ambient temperature, as shown in 
Figure 2. 

The total thermal resistance in this model is 
then: 

(0JC + Oca) (0JL + Ola) 

djA - - 

0JC + Oca + OjL Ola 

Where: 0jc = thermal resistance of the 
case between the regula¬ 
tor die and a point on the 
case directly above the 
die location. 

Oca = thermal resistance be¬ 
tween the case and air at 
ambient temperature. 
djL = thermal resistance from 
transistor die through the 
collector lead to a point 
Vie” below the regulator 
case. 

Ola = total thermal resistance 
of the collector-base- 
emitter leads to ambient 
temperature. 


sjgnDtics 
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As one can see from Figure 1, the metal can 
package generally does not have the lead 
cooling path because of the high thermal 
resistances resulting from the construction 
of the header, case and leads. Normally, this 
material is kovar. Now, 0jc and 0 jl are 
within the package and not variable by the 
user. However, dcA and 0 la are outside the 
package and can be effectively used to 
control the total thermal resistance and, 
therefore, junction temperature. 

Replacing 0 ja of equation (1) with 0 ja equa¬ 
tion (3) gives: 

((9jc + 0CA) (0JL a 0LA) = Tj - Ta 

dJA = -^- - 

djc + 6 ca + 0JL + Ola Pd 

The maximum Tj allowed in equation (4) is 
150°C. The maximum power dissipation is 
determined by the net total thermal resist¬ 
ance djA, the parallel equivalent networks of 
the case series path and lead series path, 
divided into the difference of the maximum 
junction temperature, 150°C, and ambient 
temperature generally specified as 25° C. In 
the case of the 78LXX, the maximum dissi¬ 
pation of a .4 inch condition Is: 

Pd = ,0jA = 180°C/W 

0JA 

Pd = 0.7W 

If lead length is reduced to .125 inch Oja 
becomes 160°C, and Pd(MAX) = 0.78W. 

METHODS OF HEAT SINKING 

With two external thermal resistances In 
each leg of a parallel network available to 
the circuit designer as variables, he can 
choose the method of heat sinking most 
applicable to his particular situation. To 
demonstrate, consider the effect of placing 
a small 72°C/W flag type heat sink, such as 
the Staver F1-7D-2, on the 78LXX molded 
case. The heat sink effectively replaces the 
Oca (Figure 2) and the new thermal resist¬ 


ance, Oja, is: 

0JA = 145°C/W (assuming .125 Inch lead 
length) 




The net change of 15°C/W increases the 
allowable power dissipation to 0.86W with 
an inserted cost of 1-2 cents. A still further 
decrease in Oja could be achieved by using 
a sink rated at 46°C/W, such as the Staver 
FS-7A. Also, if the case sinking does not 
provide an adequate reduction in total Oja, 
the other external thermal resistance, Ola, 


may be reduced by shortening the lead 
length from package base to mounting me¬ 
dium. However, one point must be kept in 
mind. The lead thermal path includes a 
thermal resistance, OsA, from the leads at 
the mounting point to ambient, that is, the 
mouriting medium, Ola is then equal to Ols + 
0SA. The new model is shown in Figure 3. 



In the case of a socket, Osa could be as high 
as 270° C/W, thus causing a net increase in 
0JA and a consequent decrease in the 
maximum dissipation capability. Shorten¬ 
ing the lead length may return the net 0ja to 
the original value, but lead sinking would 
not be accomplished. 

In those cases where the regulator is Insert¬ 
ed into a copper clad printed circuit board, it 
Is advantageous to have a maximum area of 
copper at the entry points of the leads. While 
It would be desirable to rigorously define 
the effect of PC board copper, the real world 
variables are too great to allow anything 
more than a few general observations. 

The best analogy for PC board copper is to 
compare it with parallel resistors. Beyond 
some point, additonal resistors are not sig¬ 
nificantly effective; beyond some point, ad¬ 
ditional copper area is not effective. 
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DESCRIPTION 

The 78M00 series of monolithic Three 
Terminal Positive Voltage Regulators em¬ 
ploys internal current limiting, thermal shut 
down, and safe-area compensation making 
them essentially indestructible. If adequate 
heat sinking is provided, the device can 
deliver over 500mA output current. They are 
intended as fixed voltage regulators, but 
used with external components,can provide 
adjustable output voltages and currents. 


FEATURES 

• Output current up to 500mA 

• No external components 

• Internal thermal overload protection 

• Internal short circuit current limiting 

• Output transistor safe-area compensa¬ 
tion 

• Available In the TO-220 and the TO-39 
package 

• Output voltages of 5,6,8,12,15,20, and 24 
volts 


SCHEMATIC DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

—— - 1 

Input voltage (5V through 15V) (20V, 24V)1 

35 

V 

Internal power dissipation 

40 

V 

Storage temperature range 

Internally limited 


TO-39 

-65 to +150 

°c 

TO-220 

-55 to +125 

°c 

Operating junction temperature ranges 



78M00 

-55 to +150 

°c 

SA78M00C 

-40 to +125 

°c 

78M00C 

Oto +125 

°c 

Lead temperature 



TO-39 package 



(soldering, 60 second time limit) 

300 

°c 

TO-220 package 



(soldering, 10 second time limit) 

230 

°c 


NOTES 


1. Thermal resistance of the packages (without a heat sink) 

Junction to case: TO-220 package 2°C/W TO-39 package 20°C/W. 
Junction to ambient: TO-220 package 50°C/W TO-39 package 170C/W. 

2. Operating ambient temperature range 

78M00 -55° C to+125° C 

SA78M00C -40° C to-125° C 

78M00C 0°CtO+85°C 


PIN CONFIGURATIONS 


U PACKAGE (TO-220) 







V, 


ORDER INFORMATION 


OUTPUT 

ORDER 

VOLTAGE 

PART NO. 

5V 

78M05CU/SA78M05CU 

6V 

78M06CU/SA78M06CU 

8V 

78M08CU/SA78M08CU 

12V 

78M12CU/SA78M12CU 

15V 

78M15CU/SA78M15CU 

20V 

78M20CU/SA78M20CU 

24V 

78M24CU/SA78M24CU 


DB PACKAGE (TO-39) 



OUTPUT 

VOLTAGE 

5V 

6V 

8V 

12V 

15V 

20V 

24V 

5V 

6V 

8V 

12V 

15V 

20V 

24V 


ORDER 
PART NO. 

78M05DB 

78M06DB 

78M08DB 

78M12DB 

78M15DB 

78M20DB 

78M24DB 

78M05CDB 

78M06CDB 

78IVI08CDB 

78M12CDB 

78M15CDB 

78M20CDB 

78M24CDB 


signotics 
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mA78MOO/78MOOC/SA78MOOC-DB,U 


DC ELECTRICAL CHARACTERISTICS louT = 350mA, C|N = 0.33;uF, CouT = 0.1//F, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78M051 

78M05C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



\ 

hN = 10' 


\ 

'in = 10' 



VouT Output voltage 


4.8 

5.0 

5.2 

4.8 

5.0 

5.2 

V 


Over temp?, 5mA < Iqut ^ 350mA 

8V<Vin<20V 

7V < V|N < 20V 




4.7 


5.3 

4.75 


5.25 

V 

Line regulation 

I OUT = 200mA 

7V < ViN < 25V 

7V’< ViN < 25V 

■■ 




3 

50 


3 

100 




8V < ViN < 20V 

8V < ViN < 25V 

[U 




1 

25 


1 



Load regulation 

5mA < louT ^ 500mA 


20 

50 


20 

100 

mV 


5mA < louT ^ 200mA 


10 

25 


10 

50 

mV 

Icc 



4.5 

6.0 


4.5 

6.0 

mA 

Alec With line 

Over temp?, Iqut = 200mA 

8V < ViN < 25V 

8V 

< ViN < 25V 






0.8 



0.8 



5mA < louT ^ 350mA 



0.5 



0.5 


Output noise voltage 

10Hz < f < 100kHz, Ta = 25° C 


40 



40 


mV 

Voltage drift 

mV/IOOOhrs. 



20 



20 

mV 

Ripple rejection 

Over temp?, f = 120Hz 

VI 

z 

> 

VI 

> 

00 

18V 



__ 




68 

80 


62 

80 


dB 

Dropout voltage 



2.0 



2.0 

■1 

V 


ViN = 35V 


300 



300 


mA 




700 



700 


mA 

VouT Output temperature drift 

louT = 5mA 

0°C<Tj<150°C 

O'C 

<Tj<125°C 





-^■0 

_ 

_I 



mV/°C 


DC ELECTRICAL CHARACTERISTICS (Contd) 


PARAMETER 

TEST CONDITIONS 

78M061 

78M06C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



V|N = 11\ 


V|N = 11 

V 


VouT Output voltage 


5.76 

6.0 

6.25 

5.75 

6.0 

6.25 

V 


Over temp.^, 5mA < Iqut ^ 350mA 

9V< Vin<21V 

8.0V <ViN< 21V 




5.7 


6.3 

5.7 

_1 

6.3 

V 

Line regulation 

Iqut = 200mA 

8V < ViN < 25V 

8V'< ViN <'25V 





5 

60 


5 

100 

mV 



9V < ViN < 20V 

9V < ViN < 25V 





1.5 

30 


1.5 

50 

mV 

Load regulation 

5mA < Iqut ^ 500mA 


20 

60 


20 

120 

mV 


5mA < louT ^ 200mA 


10 

30 


10 

60 

mV 

Icc 



4.5 

6.0 


4.5 

8.0 

mA 

Alec With line 

Over temp!*, Iqut = 200mA 

9V< 

= ViN < 25V 

9V < ViN < 25V 






0.8 



0.8 

mA 

Alec With load 

5mA < louT ^ 350mA 



0.5 



0.5 

mA 

Output noise voltage 

10Hz < f < 100kHz, Ta = 25° C 


45 



45 


mV 

Voltage drift 

mV/IOOOhrs, 



24 



24 

mV 

Ripple rejection 

Over temp?, f = 120Hz 

9V< Vin<19V 

9V < ViN < 19V 




59 

80 


59 

80 


dB 

Dropout voltage 



2.0 



2.0 


V 

Isc 

ViN = 35V 


270 



270 


mA 

Peak output current 



700 



700 


mA 

VouT Output temperature drift 

louT = 5mA 

1 0°C<Tj<150°C 

0°C<Tj<125°C 




_ 

1 -0.5 

1_ 

1_ 

1 -0.5 

!_ 

mV/°C 
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mA78M00/78M00C/SA78M00C-DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 350mA, Cm = 0.33/iF, Cout 0. VF, Tj - 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78M081 

78M08C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



\ 

/in - 14V 

ViN = 14V 


VouT Output voltage 


7.7 

8.0 

8.3 

7.7 

8.0 

8.3 

V 


Over temp.^, 5mA < Iqut ^ 350mA 

11.5V <ViN< 23V 

10.5V <ViN< 23V 




7.6 


8.4 

. 

_ 

8.4 

V 

Line regulation 

louT = 200mA 

10.5V <ViN< 25V 

10.5V <ViN< 25V 





6 

60 


6 

100 

mV 



11V< Vin<20V 

11V< Vin<25V 





2 

30 


2 

50 

mV 

Load regulation 

5mA < louT ^ 500mA 


25 

80 


25 

160 

mV 


5mA < louT ^ 200mA 


10 

40 


10 

80 

mV 

Icc 



4.6 

6.0 


4.6 

6.0 

mA 

Alec With line 

Over temp.'’, Iqut = 200mA 

11.5V <ViN< 25V 

10.5V <ViN< 25V 






0.8 



0.8 

mA 

Alec With load 

5mA < louT ^ 350mA 



0.5 



0.5 

mA 

Output noise voltage 

10Hz < f < 100kHz, Ta = 25° C 


52 



52 


mV 

Voltage drift 

mV/IOOOhrs. 



32 



32 

mV 

Ripple rejection 

Over temp.1, f = 120Hz 

11.5V < ViN< 21.5V 

11.5V <V|N< 21.5V 




56 

80 


56 

80 


dB 

Dropout voltage 



2.0 



2.0 


V 

Isc 

ViN = 35V 


250 



250 


mA 

Peak output current 



700 



700 


mA 

VouT Output temperature drift 

louT = 5mA 

0°C<Tj<150''C 

0°C<Tj<125°C 




_ 

-0.5 

_ 


-0.5 


mV/°C 


DC ELECTRICAL CHARACTERISTICS (Contd) 


PARAMETER 

TEST CONDITIONS 

78M121 

78M12C1 

78M151 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




^lN = 19V 

V 

N = 19V 

Vin = 23V 


VouT Output voltage 


11.5 

12.0 

12.5 

11.5 

12.0 

12.5 

14.4 

15.0 

15.6 

V 


Over temp!’, 5mA < Iqut ^ 350mA 

15.5V < ViN < 27V 14.5V < Vin < 27V 

18.5V < Vin < 30V 




11.4 

._ j 

12.6 

11.4 

_ 

12.6 

14.5 


15.75 

V 

Line regulation 

louT = 200mA 

T4.5V < Vin < 30V14.5V < Vin < 30V 

17.5V <Vin'< 30V 





8 

60 


8 

100 


10 

60 

mV 



16V < Vin < 25V 

16V < Vin < 30V 

20V < Vin < 30V 





2 

30 


2 

50 


3 

30 

mV 

Load regulation 

5mA < louT ^ 500mA 


25 

120 


25 

240 


25 

150 

mV 


5mA < louT ^ 200mA 


10 

60 


10 

120 


10 

75 

mV 

Icc 



4.8 

6.0 


4.8 

6.0 


4.8 

6.0 

mA 

Alec With line 

Over temp.l lour = 200mA 

15V < Vin < 30V 

> 

o 

CO 

VI 

z 

> 

VI 

> 

in 

18.5V < Vin < 30V 






0.8 



0.8 



0.8 

mA 

Alec With load 

5mA < Iqut ^ 350mA 



0.5 



0.5 



0.5 

mA 

Output noise voltage 

10Hz < f < 100kHz, Ta = 25° C 


75 



75 



90 


mV 

Voltage drift 

mV/1000hrs. 



48 

I 


48 



60 

mV 

Ripple rejection 

Over temp), f = 120Hz 

15V < Vin < 25V 

15V < Vin: 

<25V 

18.5V < Vin < 28.5V 




55 

80 


55 

80 


54 

70 


dB 

Dropout voltage 



2.0 



2.0 



2.0 


V 

Isc 

ViN = 35V 


240 



240 



240 


mA 

Peak output current 



700 



700 



700 


mA 

VouT Output temperature drift 

Iqut = 5mA 

0°C<Tj<150°C 

0°C<Tj<125°C 

0°C<Tj<150°C 




_ 1 




-1.0 


_, 

-1.0 

_ 

mV/°C 


SiOIIDtiCS 
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mA78MOO/78MOOC/SA78MOOC-DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont'd) lout = 350mA, Cin = 0.33mF, Cout = O.i mF, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78M15C1 

78M201 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



ViN = 23V 

ViN = 29 V 


VouT Output voltage 


14.4 

15.0 

15.6 

19.2 

20 

20.8 

V 


Over temp^, 5mA < Iqut ^ 350mA 

17.5V <ViN< 30V 

24V < ViN < 35V 




14_^ 

_1 

15.75 

19 


21 

V 

Line regulation 

louT = 200mA 

17.5V <V|N< 30V 

23V'< ViN <35V 





10 

100 


10 

60 

mV 



20V < ViN < 30V 

24V < ViN < 35V 





3 

50 


5 

30 

mV 

Load regulation 

5mA < louT ^ 500mA 


25 

150 


30 

200 

mV 


5mA < louT ^ 200mA 


10 

75 


10 

100 

mV 

Icc 



4.8 

6.0 


4.9 

6.0 

mA 

Alec With line 

Over tempi, Iqut = 200mA 

17.5V < Vin<30V 

24V < ViN < 35V 






0.8 



0.8 

mA 

Alec With load 

5mA < Iqut ^ 350mA 



0.5 



0.5 

mA 

Output noise voltage 

10Hz < f < 100kHz, Ta = 25° C 


90 



110 


mV 

Voltage drift 

mV/IOOOhrs. 



60 



80 

mV 

Ripple rejection 

Over tempi, f = 120Hz 

18.5V 

< ViN < 28.5V 

24V< ViN S34V 




54 

70 


53 

70 


dB 

Dropout voltage 



2.0 



2.0 


V 

Isc 

ViN = 35V 


240 



240 


mA 

Peak output current 



700 



700 


mA 

VouT Output temperature drift 

Iqut = 5mA 

0°C<Tj<125°C 

0°C<Tj<150°C 





-1.0 



-1.1 


mV/°C 


DC ELECTRICAL CHARACTERISTICS (Contd) 


PARAMETER 

TEST CONDITIONS 

78M20C1 

78M241 

78M24C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 



V 

IN = 2 

9V 

V 

N = 33V 

V 

IN = 33V 


VouT Output voltage 


19.2 

20 

20.8 

23.0 

24.0 

25.0 

23.0 

24.0 

25.0 

V 


Over tempi, 5mA < Iqut < 350mA 

23V < ViN < 35V 

28V < ViN < 38V 

27V < ViN < 38V 






21 

22.8 

_ 

25.2 

22.8 

_1 

25.2 

V 

Line regulation 

louT = 200mA 

23V ’< ViN < 35V 

27V < ViN < 38V 

27V < ViN < 38V 





10 

100 


10 

60 


10 

100 

mV 



24V < ViN < 35V 

30V < ViN < 36V 

28V < ViN < 38V 





5 

50 


5 

30 


5 

50 

mV 

Load regulation 

5mA < Iqut ^ 500mA 


30 

400 


30 

240 


30 

480 

mV 


5mA < louT < 200mA 


10 

200 


10 

120 


10 

240 

mV 

Icc 



4.9 

6.0 


5 

6.0 


5 

6.0 

mA 

Alec With line 

Over temp.^, lour = 200mA 

23V < V|N < 35V 

28V< Vin<38V 

27V < ViN < 38V 






0.8 



0.8 



0.8 

mA 

Alec With load 

5mA < Iqut ^ 350mA 



0.5 



0.5 



0.5 

mA 

Output noise voltage 

10Hz < f < 100kHz, Ta = 25° C 


110 



170 



170 


mV 

Voltage drift 

mV/IOOOhrs. 



80 



96 



96 

mV 

Ripple rejection 

Over tempi, f = 120Hz 

24V < ViN < 34V 

28V < ViN < 38V 

28V < Vin<38V 




53 

70 


50 

70 


50 

70 


dB 

Dropout voltage 



2.0 



2.0 



2.0 


V 

Isc 

ViN = 35V 


240 



240 



240 


mA 

Peak output current 



700 



700 



700 


mA 

VouT Output temperature drift 

Iqut = 5mA 

0°C<Tj<125°C 

0°C<Tj<150°C 

0°C<Tj<125°C 




_ 

-1.1 

__ 

_ 

-1.2 



-1.2 


mV/°C 


170 


sjgnDtiCB 
























mA78M00/78M00C/SA78M00C-DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 350mA, Cin = 0.33/jF, Cout = O.VF, Tj = 25=0 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SA78M05C2 

SA78M06C2 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



V|N = 10V 

ViN - 11V 


VouT Output voltage 


4.8 

5.0 

5.2 

5.75 

6.0 

6.25 

V 


Over temp?, 5mA < Iqut ^ 350mA 

7V < ViN < 25V 

8.0V <ViN< 21V 




4.7 

_ 

5.3 

5.7 

_ 

6.3 

V 

Line regulation 

I OUT = 200mA 

7V < ViN < 25V 

8V < V|N < 25V 





3 

100 


5 

100 

mV 



8V < ViN < 25V 

9V < V|N < 25V 





1 

50 


1.5 

50 

mV 

Load regulation 

5mA < louT ^ 500mA 


20 

100 


20 

120 

mV 


5mA < louT < 200mA 


10 

50 


10 

60 

mV 

Icc 



4.5 

6.0 


4.5 

8.0 

mA 

Alec With line 

Over temp? Iqut = 200mA 

8V < ViN < 25V 

9V < V|N < 25V 





0.6 



0.6 


mA 

Alec With load 

5mA < Iqut ^ 350mA 


0.3 



0.3 


mA 

Output noise voltage 

10Hz < f < 100kHz, Ta = 25° C 


40 



45 



Voltage drift 

mV/IOOOhrs. 



20 



24 

mV 

Ripple rejection 

Over temp? f - 12 OH 2 

8V< Vin<18V 

9V< V|n<19V 




62 

80 


59 

80 


dB 

Dropout voltage 



2.0 



2.0 


V 

I sc 

V|N = 35V 


300 



270 


mA 

Peak output current 



700 



700 


mA 

VoUT Output temperature drift 

0°C < Tj < +125°C, louT = 5mA 


-1.0 



-0.5 


mV/°C 


DC ELECTRICAL CHARACTERISTICS (Contd) 


PARAMETER 

TEST CONDITIONS 

SA78M08C2 

SA78M12C2 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



\ 

/in = 14V 

\ 

/|N = 19 

V 


VouT Output voltage 


7.7 

8.0 

8.3 

11.5 

12.0 

12.5 

V 


Over temp.? 5mA < Iqut ^ 350mA 

10.5V <ViN< 23V 

14.5V < ViN < 27V 




7.6 

_ 1 

3-4 

JMi 

_1 

12.6 

V 

Line regulation 

louT = 200mA 

10.5V <V|N< 25V 

14.5V <ViN< 30V 





6 

100 


8 

100 

mV 



11V< Vin<25V 

16V< V|n<30V 





2 

50 


2 

50 

mV 

Load regulation 

5mA < louT ^ 500mA 


25 

160 


25 

240 

mV 


5mA < louT ^ 200mA 


10 

80 


10 

120 

mV 

Icc 



4.6 

8.0 


4.8 

8.0 

mA 

Alec With line 

Over temp? Iqut = 200mA 

10.5V <ViN< 25V 

14.5V <V|N< 30V 





0.6 



0.6 


mA 

Alee With load 

5mA < Iqut ^ 350mA 


0.3 



0.3 


mA 

Output noise voltage 

10Hz<f< 100kHz, Ta = 25°C 


52 



75 


mV 

Voltage drift 

mV/IOOOhrs. 



32 



48 

mV 

Ripple rejection 

Over temp? f = 120Hz 

11.5V <V|N< 21.5V 

15V<V|n<25V 




56 

80 


55 

80 


dB 

Dropout voltage 



2.0 



2.0 


V 

Isc 

ViN = 35V 


250 



240 


mA 

Peak output current 



700 



700 


mA 

VouT Output temperature drift 

0°C < Tj < +125°C, louT = 5mA 


-0.5 



-1.0 


mV/°C 


sjgnDtics 
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mA78M00/78M00C/SA78M00C-DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 350mA. Cin = 0.33mF, Gout = O.VF, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SA78M15C2 

SA78M20C2 

SA78M24C2 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 



\ 

/in = 23V 

V 

IN = 29V 

Vin = 33V 


VouT Output voltage 


14.4 

15.0 

15.6 

19.2 

20 

20.8 

o 

CO 

CM 

24.0 

25.0 

V 



17.5V <ViN< 30V 

23V < Vin < 35V 

27V < Vin < 38V 



Over temp.2 5mA < Iout ^ 350mA 

14.251 

15.75 



21 

22.8 

_1 


V 

Line regulation 

Iout = 200mA 

17-5V< Vin <30V 

23V < Vin < 35V 

27V < Vin < 38V 





10 

100 


10 

100 


10 

100 

mV 



20V < ViN < 30V 

24V < Vin < 35V 

30V < Vin < 38V 





3 

50 


5 

50 


5 

50 

mV 

Load regulation 

5mA < Iout ^ 500mA 


25 

150 


30 

400 


30 

480 

mV 


5mA < Iout ^ 200mA 


10 

75 


10 

200 


10 

240 

mV 

Icc 



4.8 

8.0 


4.9 

6.5 


5 

7 

mA 

Alec With line 

Over temp.2 Iout = 200mA 

17.5V <ViN< 30V 

23V < Vin < 35V 

27V < ViN < 38V 





0.6 



0.6 



0.6 


mA 

Alec With load 

5mA < Iout ^ 350mA 


0.3 



0.3 



0.3 


mA 

Output noise voltage 

10Hz < f < 100kHz, Ta = 25°C 


90 



110 



170 


mV 

Voltage drift 

mV/IOOOhrs. 



60 



80 



96 

mV 

Ripple rejection 

Over temp2 f = 120Hz 

18.5V < ViN < 28.5V 24V < Vin < 34V 

28V < Vin < 38V 




54 

70 


53 

70 


50 

70 


dB 

Dropout voltage 



2.0 



2.0 



2.0 


V 

Isc 

ViN = 35V 


240 



240 



240 


mA 

Peak output current 



700 



700 



700 

' 

mA 

VouT Output temperature drift 0°C < Tj < +125°C, Iout = 5mA 


-1.0 



-1.1 



-1.2 

_ 

mV/°C 


NOTES 

1. -55° C < Tj < +150° C for 78MOO 
0°C < Tj < +125°C for 78M00C 

2. -40°C<Tj<+125°CforSA78M00C 


TYPICAL PERFORMANCE CHARACTERISTICS 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-220, 78M00C, SA78M00C) 



25 50 75 100 125 150 

AMBIENT TEMPERATURE-°C 


DROPOUT VOLTAGE PEAK OUTPUT CURRENT 

AS A FUNCTION OF AS A FUNCTION OF INPUT/OUTPUT 

JUNCTION TEMPERATURE DIFFERENTIAL VOLTAGE 



-75 - 50 - 25 0 25 50 75 100 125 150 175 

JUNCTION TEMPERATURE -°C 



0 5 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL - V 
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iuA78M00/78M00C/SA78M00C-DB,U 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


RIPPLE REJECTION 
AS A FUNCTION OF FREQUENCY 


OUTPUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 


m 

■o 






111 II 





nil II 

— 



- 

IBBIII 





III i 





III i 





III 1 





III 1 

.Vm 

= 8' 

i/ to 18V 


III 1 

VoUT = 5V 
- ^ OUT - 500mA 

Tj =25°C 

J 111_1_l_li 


III 1 


rrnr 


10 100 Ikll lOkll lOOkll 

FREQUENCY-H2 



JUNCTION TEMPERATURE-°C 


DROPOUT CHARACTERISTICS 



0 2.0 4.0 6.0 8.0 10 

OUTPUT VOLTAGE-VOLTS 


LOAD TRANSIENT 
RESPONSE 


LINE TRANSIENT 
RESPONSE 


QUIESCENT CURRENT 
AS A FUNCTION 
OF INPUT VOLTAGE 
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0 2 4 6 B 10 12 



5.0 10 15 25 30 35 


TIME-LiS 


TIME-MS 


INPUT VOLTAGE - VOLTS 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-39, 78M00C) 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-39, 78M00) 



25 50 75 100 125 150 

AMBIENT TEMPERATURE-"C 



AMBIENT TEMPERATURE -°C 
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7800-DA,U 


DESCRIPTION 


FEATURES 


PIN CONFIGURATION 


The 7800 series of monolithic Three- 
Terminal Positive Voltage Regulators em¬ 
ploy internal current limiting, thermal shut¬ 
down and safe-area compensation, making 
them essentially indestructible. If adequate 
heat sinking is provided, they can deliver 
over 1A output current. They are intended 
as fixed-voltage regulators in a wide range 
of applications including local, on-card reg¬ 
ulation for elimination of distribution prob¬ 
lems associated with single point regula¬ 
tion. In addition to use as fixed voltage 
regulators, these devices can be used with 
external components to obtain adjustable 
output voltages and currents and also as the 
power pass element in precision regulators. 


• Output current in excess of 1 amp 

• No external components 

• Internal thermal overload protection 

• Internal short circuit current limiting 

• Output transistor safe-area compensa¬ 
tion 

• Available in the TO-220 and the TO-3 
package 

• Output voltages of 5, 6, 8,12,14,15,18, 
and 24 volts 

• Mil std 883 A, B, C available 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Input voltage 



5V through 12V 

35 

V 

14V through 24V 

40 

V 

Internal power dissipationt 

Internally limited 


Storage temperature range 

-65 to +150 


Operating junction temperature ranges 



7800 

-55 to +150 

°c 

SA7800C 

-40 to +85 

*^0 

7800C 

0 to +125 

°c 

Lead temperature 



TO-3 package (soldering, 60 second time limit) 

300 


TO-220 package (soldering, 60 second time limit) 

230 

°c 


NOTES 


1. Thermal resistance of the packages (without a heat sink) 

Junction to case; TO-3 package 4°C/W: TO-220 package 2°C/W 
Junction to ambient: TO-3 package 35°G/W; TO-220 package 50°C/W 

2. Operating ambient temperature range 

7800 -55° C to +125°C 
78000 0°Cto -(■85° C 
SA7800C -40° 0 to +85° C 


SCHEMATIC DIAGRAM 



U PACKAGE (TO-220) 



OUTPUT (2) 

► y- COMMON (3) 

f 


INPUT (1) 


ORDER INFORMATION 
OUTPUT ORDER 

VOLTAGE PART NO. 

5V 7805CU/SA7805CU 

6V 7806CU/SA7806CU 

8V 7808CU/SA7808CU 

12V 7812CU/SA7812CU 

13.8V 7814CU/SA7814CU 

15V 7815CU/SA7815CU 

18V 7818CU/SA7818CU 

24V 7824CU/SA7824CU 


DA PACKAGE (TO-3) 



ORDER INFORMATION 

OUTPUT 

ORDER 

VOLTAGE 

PART NO. 

5V 

7805DA/SA7805CDA 

6V 

7806DA/SA7806CDA 

8V 

7808DA/SA7808CDA 

12V 

7812DA/SA7812CDA 

13.8V 

7814DA/SA7814CDA 

15V 

7815DA/SA7815CDA 

18V 

7818DA/SA7818CDA 

24V 

7824DA/SA7824CDA 

5V 

7805CDA 

6V 

7806CDA 

8V 

7808CDA 

12V 

7812CDA 

13.8V 

7814CDA 

15V 

7815CDA 

18V 

7818CDA 

24V 

7824CDA 
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7800-DA,U 


DC ELECTRICAL CHARACTERISTICS Iout = 500mA. Gin = 0 Gout = 0 VF, 

unless otherwise specified. 


Tj = 25°G 


PARAMETER 


VouT Output voltage 


Line regulation 

Load regulation 


TEST CONDITIONS 


Pd< 15W 


5mA < loUT < 1.5A 
250mA < I OUT < 750mA 


78051 I 

I 7805C1 

Min 

Typ Max 

Min 

Typ Max 


-> 

o 

II 

z 

> 


Vin = 10 V 

4.8 

I 5.0 I 5.2 I 

4.8 

1 5.0 1 5.2 

8 V < Vin < 20V I 

I 7V < Vin < 25V 

4.65 

i 5.35 

4.75 

5.25 


7V < ViN < 25V 
I 3 I 50 

8 V< ViN< 12V 
I 1 I 25 


7V < ViN < 25V 
I 3 I 100 
8V<Vin<12V 
1 I 50 
15 100 

5 50 


Output noise voltage 
Voltage drift 


Over temp.; with line 

With load, 5mA < Iout < 1.0A 
10Hz <f< 100kHz 


8 V < ViN < 25V 
0.8 
0.5 
40 


7V < ViN < 25V 

I I 

0.5 


mA 

mA 

mV 

mV/IOOOhrs. 



Ripple rejection 

Over temp.i f = 120Hz 

8 V< ViN< 18V 

68 78 1 

8V<Vin<18V 
62 1 78 1 

Dropout voltage 

IdUT = l.OA 


2.0 



1 2.0 

r 



DC ELECTRICAL CHARACTERISTICS (Cont d) Iout = 500mA, Cin = 0 33mF, Cout = 

_ unless otherwise specified. _ 

I _r 1 _ I 78061 


PARAMETER 

VouT Output voltage 


TEST CONDITIONS - - - 

Min Typ Max 

ViN=11V 

5.75 I 6.0 I 6.25 

Over temp.J 5mA < Iout < 1.0A, 9V < Vin ^ 21V 
Pd<15W 5.65 I I 6.35 


0.1/uF, Tj = 25°C 

7806C1 

Min Typ Max 

Vin = 11V 

5.75 I 6.0 I 6.25 
8V< Vin<21V 
5.7 I I 6.3 



Line regulation 

8 V < Vin < 25V 

8 V < Vin < 25V 


1 5 1 60 

5 1 12 


9V< ViN< 13V 

9V< ViN< 13V 




Output noise voltage 


Voltage drift 


Ripple rejection 


Dropout voltage 


Output resistance 


5mA < Iout ^ 1.5A 
250mA < Iout ^ 750mA 


Over temp.! with line 

With load, 5mA < Iout ^ 1.0A 
10Hz <f< 100kHz 


Over temp.] f = 120Hz 


Iout = l.OA 


f = 1kHz 


14 6 

4 3 


.3 6. 


9V < Vin < 25V 
0.8 
0.5 

45 

24 


9V< ViN< 19V 
65 I 75 I 


2.0 


19 



8 V < Vin < 25V 
1.3 
0.5 

45 ~ 

24 


9V< ViN< 19V 
59 I 75 I 




19 


mV 

mV/IOOOhrs. 


isc 



550 



Peak output current 


VouT Output temperature drift 


NOTES 

1. -55°C<Tj< 150°Cfor7800 
0°C < Tj < 125°C for 7800C 

2. 40° C < Tj < +125° C for SA7800C 



sionctics 













































7800-DA,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 500mA, Gin = 0.33mF, Gout = O.VF, Tj = 25°G 
___ unless otherwise specified. __ 


PARAMETER 

TEST CONDITIONS 

78081 

7808C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Over temp., 5mA < Iout ^ 1.0A, 
Pd< 15W 

V 

7.7 

11.5V 

7.6 

^1N= 14 
8.0 

’< ViN* 

8.3 

^23V 

8.4 

7.7 

10.5 

7.6 

V|N=1^ 

8.0 

V< ViN 

V 

8.3 

<23V 

8.4 

V 

V 

Line regulation 


10.5V 

11V 

^<V|N< 

6 

< ViN < 
2 

^ 25V 

80 

17V 

40 

10.5 

11V 

v< ViN 
6 

^><ViN< 

2 

< 25V 
160 
17V 

80 

mV 

mV 

Load regulation 

5mA < Iout ^ 1.5A 

250mA < Iout ^ 750mA 


12 

4 

80 

40 


12 

4 

160 

80 

mV 

mV 

Icc 



4.3 

6.0 


4.3 

8.0 

mA 

Alec 

Over temp.l with line 

With load, 5mA < Iout < 1.0A 

11.5V 

' < V|N ^ 

^25V 

0.8 

0.5 

10.51 

/ < ViN - 

^25V 

1.0 

0.5 

mA 

mA 

Output noise voltage 

10Hz<f< 100kHz 


52 



52 

j 

mV 

Voltage drift 




32 



32 

mV/IOOOhrs. 

Ripple rejection 

Over temp.j f = 120Hz 

11.5V 

62 

< ViN < 
72 

21.5V 

11.5V 

56 

' < ViN < 
72 

; 21.5V 1 

dB 

Dropout voltage 

Iout = 1.0A 


2.0 



2.0 


V 

Output resistance 

f = 1kHz 


16 



16 


ma 

Isc 



450 



450 


mA 

Peak output current 



2.2 



2.2 


A 

VouT Output temperature drift 

•out = 5mA 

0°G! 

STj<1 
1 -0.8 

50° G 

L_ , 

0°G 

<Tj< 

1 -0.8 1 

125°C 

mV/°G 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 500mA, Gin = 0.33mF. Gout = O.VF, Tj = 25°G 
__unless otherwise specified._ 


PARAMETER 


78121 

7812C1 

UNIT 

I2QII 




Typ 

Max 



HB 

IQQ 

n 




V 



15.5V < V|N < 27V 
11.4 I I 12.6 

HHHHlIHii 

V 

Line regulation 


14.5V 

16V 

ViNf 

10 

^ V|N < 

3 

S30V 

120 

22V 

60 

14.5 

16V 

^ V|N 
10 

< ViN < 

3 

<30V 

240 

;22V 

120 

mV 

mV 


5mA < Iout ^ 1.5A 

250mA < Iout ^ 750mA 


H 


■ 


m 

mV 

mV 

Icc 




6.0 


4.3 

8.0 

mA 

Alec 

Over temp.] with line 

With load, 5mA < Iout < 1.0A 

15V 

< ViN < 

30V 

0.8 

0.5 

14.51 

/ < ViN 

<30V 

1.0 

0.5 

< < 
E E 

Output noise voltage 

10Hz<f< 100kHz 





75 


mV 

Voltage drift 

hhhhuhhhh 

HH 

HH 




48 

mV/IOOOhrs. 

Ripple rejection 

Over temp.] f = 120Hz 




15V 

55 

< ViN < 

71 

25V 

dB 

Dropout voltage 

o 

c 

H 

II 

b 

> 


HH 



2.0 


V 

Output resistance 

N 

I 

7 

, 

j 


mm 


'■ " " 

18 


ma 

Isc 



BHI 



HSEI 

hh 

mA 

Peak output current 



IHH 



iHH 

liiiiiiiiiiiiii^^ 

A 

VouT Output temperature drift 

_i 

Iout = 5mA 


HH 

■H 




i^nn 
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7800-DA, U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = SOOmA, Gin = 0.33^F. Gout = O.VF, Tj = 25°G 

unless otherwise specified. 

__ 7814C1 

PARAMETER TEST CONDITIONS ----- 

Min Typ Max Min Typ Max 






16.5V <ViN< 30V 
I 10 I 14C 
19V< Vin<25V 


16.5V < ViN < 30V 

I 10 I 280 

19V< Vin<25V 


Load regulation 


5mA < louT ^ 1.5A 
250mA < louT ^ 750mA 




Output noise voltage 


Voltage drift 


Ripple rejection 


Dropout voltage 


Output resistance 


Peak output current 


VouT Output temperature drift 


DC ELECTRICAL CHARACTERISTICS (Gont’d) lour = 500mA, Gin = 0.33mF, Gout = 0. VF, Tj = 25°G 

unless otherwise specified. 































































































7800-DA,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 500mA, Gin = 0.33mF, Gout = O.VF, Tj = 25°G 
__unless otherwise specified._ 


PARAMETER 

TEST CONDITIONS 

78181 

7818C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Over temp.? 5mA < Iout ^ 1.0A, 
Pd< 15W 

V 

17.3 

22V 

17.1 

^IN = 27\ 
18.0 

< ViN < 

/ 

18.7 

33V 

18.9 

- 

> 

CO 

^IN = 27 
18.0 

<V|N 5 

V 

18.7 

:33V 

18.9 

V 

V 

Line regulation 


21V 

24V 

_1 


33V 

180 

30V 

90 

21V 

24V 

^ ViN < 
15 
< ViN 

5 

33 V 
360 
:30V 
180 


Load regulation 

5mA < Iout ^ 1-5A 

250mA < Iout ^ 750mA 

■ 

riF- 

4 


■ 

12 

4 

m 

mV 

mV 

Icc 



mm 


_ 

4.5 

8.0 

mA 

Alec 

Over temp.] with line 

With load, 5mA < Iout ^ 1.0A 

22V 

<V|N S 

33V 

0.8 

0.5 


s||||||s 


< < 
E E 

Output noise voltage 

i0Hz<f< 100kHz 







/xV 

Voltage drift 








mV/lOOOhrs. 

Ripple rejection 

Over temp.l f = 120Hz 


ll^ll 


22 V 
53 

^VlN 2 
69 

^32V 

dB 

Dropout voltage 

Iout = l.OA 


2.0 



2.0 


V 

Output resistance 

f = 1kHz 







mn 

Isc 






200 



Peak output current 






2.1 


A 

VouT Output temperature drift 

Iout = 5mA 

0®G< 

Tj<15 

L±0 

O'C 

_ 

0°G 

<Tj< 

-1.0 

I25®G 

_, 

mV/°G 


DC ELECTRICAL CHARACTERISTICS (Gont’d) Iout = 500mA, Gin = 0.33mF, Gout = O.VF, Tj = 25°G 
_unless otherwise specified. _ 


PARAMETER 

TEST CONDITIONS 

78241 

7824C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 


V 

IN = 33V 


\ 

^IN = 33 


' 



23.0 

24.0 


23.0 

24.0 

25.0 

V 


Over temp.] 5mA < Iout l.OA, 

28V<Vin <38V 

28V<Vin < 

38V 



Pd < 15W 

22.8 


25.2 

22.8 


25.2 

V 

Line regulation 


27V<Vin <'38V 







18 

240 







30V<Vin <36V 





_ 

6 

120 

BmH 




Load regulation 

5mA < Iout ^ 1.5A 

mi 


EM 

lllll 

12 

480 

mV 


250mA < Iout ^ 750mA 


■■ 


mi 

4 

240 

mV 

Icc 



wm 



mm 


mA 

Alec 

Over temp.l with line 

28V- 

— 

<V|N < 

38V 

27V 

< ViN ^ 

:38V 






0.8 



1.0 

mA 


With load, 5mA < Iout < l.OA 



0.5 



0.5 

mA 

Output noise voltage 

10Hz<f< 100kHz 







mV 

Voltage drift 









Ripple rejection 

Over temp.] f = 120Hz 






'^m 









im 

dB 

Dropout voltage 

o 

c 

H 

11 

b 

> 







V 

Output resistance 

f = 1kHz 







mn 

Isc 








mA 

Peak output current 




_ 



hh 

A 

VouT Output temperature drift 

Iout = 5mA 

■aa 

SSI 

fljggH 


MBS 





■■ 

■a 

!■ 


■a 


mV/°C 
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7800-DA,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 500mA, Cin = 0.33nF, Gout -O.VF, Tj = 25‘^C 


unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SA7805C2 

SA7806C2 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 



V|N= 1C 

V 


V|N= 11 

V 




4.8 

5.0 

5.2 

5.75 

6.0 

6.25 

V 


Over temp.? 5mA < Iout < 1.0A, 

7V<Vin <25V 

8 V<Vin <25V 



Pd<15W 

4.65 


5.35 

5.65 


6.35 

V 

Line regulation 


7V<Vin <25V 

8 V'<Vin < 

25V 





3 

100 


5 

120 




8V< ViN < 12V 

9V< ViN < 13V 





1 

50 


1.5 

60 


Load regulation 

5mA < Iout < 1.5A 




■■I 

14 

120 

mV 


250mA < Iout ^ 750mA 




in 

4 

60 

mV 

Icc 



■a 



■a 

8.0 


Alee 

Over temp.? with line 

7V<Vin < 

25V 

8V 

< ViN < 

25V 

BB 




0.8 



0.8 




With load, 5mA < Iout ^ 1.0A 


0.3 



0.3 



Output noise voltage 

10Hz<f< 100kHz 


40 



45 


mV 

Voltage drift 




20 



24 

mV/IOOOhrs. 

Ripple rejection 

Over temp.? f = 120Hz 

8V 

< ViN < 

18V 

9V 

<V|N < 

19V 




62 

78 


59 

75 


dB 

Dropout voltage 

o 

c 

H 

II 

> 





IQI 


V 

Output resistance 

f = 1kHz 





mm 


mn 

Ise 






Ill^Sii 


mA 

Peak output current 








A 









mV/°C 



_ 








DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 500mA, Cin = 0.33/.F, Cout = 0.1mF, Tj = 25°C 


unless otherwise specified. 



Load regulation 

5mA < Iout ^ 1.5A 


12 

160 


250mA < Iout ^ 750mA 


4 

80 

lee 



mm 

8.0 


Alee 


Over temp.? with line 



With load, 5mA < Iout < 1.0A 

Output noise voltage 

10Hz<f< 100kHz 

Voltage drift 


Ripple rejection 

Over temp.? f = 120Hz 

Dropout voltage 

Iout = l.OA 

Output resistance 

f = 1kHz 

Isc 


Peak output current 


VouT 

Output temperature drift 

0°C<Tj<125°C 

Iout = 5mA 


10.5V <ViN <25V 
0.8 
0.3 




sjonotics 


179 






































































7800-DA, U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 500mA, Cin = 0.33mF, Gout = O.VF, Tj = 25"C 
___unless otherwise specified. __ 


PARAMETER 


SA7814C2 

5A7815C2 

UNIT 







VouT Output voltage 



ViN = 22 V 


ViN =23V 




13.3 

13.8 

14.3 

14.4 

15.0 

15.6 

V 


Over temp 2 5mA < Iout < 1.0A, 

16.5V < ViN < 29V 

17.5 <ViN< 30V 



Pd<15W 

13.15 


14.95 

14.25 


15.75 

V 

Line regulation 


2 

> 

VI 

> 

to 

cd 

<30V 

17.5V <V|N 

<30V 





10 

280 


11 

300 




19V< Vin<25V 

20V<Vin <26V 





3 

140 


3 

150 


Load regulation 

5mA < Iout ^ 1.5A 


12 

280 


12 

150 



250mA < Iout ^ 750mA 


4 

140 


4 

75 


Icc 



4.3 

8.0 


4.4 

8.0 

mA 

Icc 

Over temp.? with line 

16.5\ 

/ < ViN 

<30V 

17.5\ 

/<V|N 

<30V 





0.8 



0.8 




With load, 5mA < Iout ^ 1.0A 


0.3 



0.3 



Output noise voltage 

10Hz <f< 100kHz 


85 



90 


mV 

Voltage drift 




56 



60 


Ripple rejection 

Over temp.? f = 120Hz 

17V 

<ViN : 

127 \J 

18.5V 

<V|N < 

= 28.5V 




60 

70 


60 

70 


dB 

Dropout voltage 

o 

c 

H 

II 

b 

> 


2.0 



2.0 


V 

Output resistance 

f = 1kHz 


18 



19 


mO 

Isc 



350 



230 


mA 

Peak output current 



2.2 



2.1 


A 

VouT Output temperature drift 

0°C<Tj<125°C 


-1.0 




1 . 



Iout = 5mA 









DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 500mA, Cin = 0.33fxF, Cout = O.I/xF, Tj = 25°C 
_ unless otherwise specified. _ 


PARAMETER 

TEST CONDITIONS 

SA7818C2 

SA7824C2 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 



ViN = 27 

V 


ViN = 33 

V 




17.3 

18.0 

18.7 

23.0 

24.0 

25.0 

V 


Over temp.? 5mA < Iout ^ 1.0A, 

21V<Vin 

^33V 

28V<Vin f 

^ 38V 



Pd<15W 

17.1 


18.9 

22.8 


25.2 

V 

Line regulation 


21V 

< ViN 

$33V 

27V 

<ViN : 

^ 38V 





15 

360 


18 

480 

mV 



24V<Vin <30V 

30V<Vin <36V 





5 

180 


6 

1 240 

mV 

Load regulation 

5mA < Iout ^ 1.5A 


12 

360 


■9 

WM 



250mA < Iout ^ 750mA 


4 

180 


WM 

mm 


Icc 



wm 

8.0 


4.6 

8.0 

mA 

Icc 

Over temp? with line 




27V 

< ViN 

^38V 




■1 

■9 

■■ 


0.8 


mA 


With load, 5mA < Iout ^ 1.0A 

■ 

Ksl 



0.3 


mA 

Output noise voltage 

10Hz<f< 100kHz 


■Q 





mV 

Voltage drift 



HU 

72 


HHI 


mV/IOOOhrs. 

Ripple rejection 

Over temp? f = 120Hz 





BSR 







i_ 


lEH 


dB 

Dropout voltage 

Iout = l-OA 

— 

2.0 





V 

Output resistance 

f = 1kHz 





28 



Isc 









Peak output current 



2.1 





A 

VouT Output temperature drift 

0°C<Tj<125°C 


-1.0 



-1.5 


mV/°C 


Iout = 5mA 









180 


sjgnDtics 
























































































TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 



EQUIVALENT TEST CIRCUITS 

DC PARAMETER TEST CIRCUIT 


O 


o 


T 

X 


MA78XX 


0.33iLiF |3 




I 

X 


VquT 

0.1 AiF 




182 


SiQIIDtiBS 





























iLtA7905/05.2/06/08/12/15/18/24-U,DA 


DESCRIPTION FEATURES 

The jLiA7900 series of monolithic Three- • Output current in excess of 1 amp 
Terminal Negative Voltage Regulators em- • No external components 
ploys internal current limiting, thermal shut- • Internal thermal overload protection 
down and safe-area compensation, making • Internal short circuit current limiting 
them essentially indestructible. If adequate • Output transistor safe-area compensa- 
heat sinking is provided, they can deliver tion 

over 1A output current. They are intended • Available in the TO-220 and the TO-3 
as fixed-voltage complements to the packages 

juA7800 positive regulators. • Output voltages of -5, -5.2, -6, -8, -12, 

-15, -18 and -24 volts 
• Mil std 883A,B,C available 

ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

ViN Input voltage 


V 

-5V through -18V 

-35 


-24V 

-40 


Internal power dissipation"' 

Internally limited 


Tstg Storage temperature range 

-65 to +150 

°c 

Tj Operating junction 



temperature ranged 



7900 

-55 to +150 


7900C 

0 to +125 


Lead temperature 


°c 

TO-3 package (soldering, 

300 


60 second time limit) 



TO-220 package (soldering, 

230 


10 second time limit) 




NOTES 

1. Thermal resistance of the packages (without a heat sink) 

Junction to case; TO-3 Package 4°C/W; TO-220 Package 2°C/W 
Junction to ambient: TO-3 Package 35°C/W; TO-220 Package 50°C/W 

2. Operating Ambient Temperature Range 

7900 -55°C to+125°C 

7900C 0°C to +85 °C 


PIN CONFIGURATION 


U PACKAGE (TO-220) 


j —OUTPUT (2) 

LJ-’ 


o 

-j __/ 


m 



V-COMMON (1) 

ORDER INFORMATION 

Output 

Order 

voltage 

part no. 

-5V 

7905CU 

-5.2 V 

7905.2CU 

-6V 

7906CU 

-8V 

7908CU 

-12V 

7912CU 

-15V 

7915CU 

-18V 

7918CU 

-24V 

7924CU 

DA PACKAGE (TO-3) 

INPUT {3)—s^ 

. ^OUTPUT (2) 




^^COMMON (1) 

ORDER INFORMATION 

Output 

Order 

voltage 

part no. 

-5V 

7905 DA 

-5.2V 

7905.2DA 

-6V 

7906DA 

-8V 

7908 DA 

-12 V 

7912DA 

-15V 

7915DA 

-18V 

7918DA 

-24V 

7924DA 

-5V 

7905CDA 

-5.2V 

7905.2CDA 

-6V 

79060DA 

-8V 

7908CDA 

-12V 

7912CDA 

-15V 

7915CDA 

-18V 

7918CDA 

-24V 

7924CDA 


SiJinDtiCB 
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M7905/05.2/06/08/12/15/18/24-U,DA 


DC ELECTRICAL CHARACTERISTICS lour = 500mA, -55°C < Tj < 150°C,1 

CiN = 2^F, CouT = VF unless otherwise specified. 


PARAMEtER 

TEST CONDITIONS 

7905 

7095C 

7905.2 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

VOUT 

Tj = 25°C 

V 

N = -10 

V 

V 

IN = -10 

V 

V 

'|N = -1C 

)V 

V 



-4.8 

-5.0 

-5.2 

-4.8 

-5.0 

-5.2 

-5.0 

-5.2 

-5.4 



P<15W 

-8V < ViN < 

-20V 

-7V < ViN < 

-20V 

-8V < ViN < 

-20V 



5mA < louT ^ 1 OA 

-4.7 


-5.3 

-4.75 


-5.25 

-5.0 


-5.4 


Line regulation 

Tj = 25°C 

-7V < ViN < 

-25V 

-7V<Vin<- 

-25V 

-7.2V < ViN < 

-25V 

mV 




3 

50 


3 

100 


3 

52 




-8V < ViN < - 

-12V 

-8V 

- ViN < 

-12V 

-8V < ViN < 

-12V 





1 

25 


1 

50 


1 

27 


Load regulation 

Tj = 25°C 










mV 


5mA < loUT 1.5A 


15 

50 


15 

100 


15 

52 



250mA < louT < 750mA 


5 

25 


5 

50 


5 

27 


Icc 

Tj = 25°C 


1 

2 


1 

2 


1 

2 

mA 

with line 


-8V < ViN < 

-25V 

-7V < ViN < 

-25V 

-8V < ViN < 

-25V 






1.3 



1.3 



1.3 


with load 

5mA < louT ^ 1.0A 


.1 

0.5 


.1 

0.5 


.1 

0.5 


Output noise 

Ta = 25°C 










mV 

voltage 

10Hz<f< 100kHz 


125 



125 



130 



Long term 



20 



20 



22 


mV 

stability 












Ripple rejection 

f=120Hz 

-8V < ViN < 

-18 V 

-8V < ViN < 

-18V 

-8V < ViN < 

-18V 

dB 


louT = 20mA 

54 

60 


54 

60 


54 

60 



Dropout voltage 

Tj = 25°C 


1.1 



1.1 



1.1 


V 


loUT = 1-OA 











Output resistance 

.. . 

f=1kHz 


17 



17 



17 


mli 

los 

Tj = 25°C 


500 

i 


500 



500 


mA 

Peak output 

Tj = 25°C 


2.1 



2.1 



2.1 


A 

current 












Average 

louT = 5mA 

0°C<Tj<150°C 

0°C<Tj<125°C 

0°C<Tj<150‘“C 

mV/°C 

temperature 



-.4 



-.4 



-.4 



coefficient of 












input voltage 

_I 













NOTE 

1. 7900C-0°C<Tj<125°C 
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iU A7905/05.2/06/08/12/15/18/24- U, D A 


DC ELECTRICAL CHARACTERISTICS 


PARAMETER 


TEST COND»TIONS 


(Cont’d) louT = 500mA, -55°C < Tj < 150°C,i 
CiN = 2/xF, CouT = IjuF unless otherwise specified. 

7905.2C 7906 7906C 

Min I Typ I Max Min I Typ I Max Min I Typ I Max 


VOUT 

Tj = 25°C 

P< 15W 

5mA < louT < 1.0A 

-1-^- 

ViN = - 10V 
-5.0 1 -5.2 1 -5.4 

-7.2V < ViN < -20V 
-4.94 1 1 -5.46 

V|N = -11\ 
-5.75 1 -6.0 1 

-9V < ViN < 
-5.65 1 

/ 

1 -6.25 
21V 
-6.35 

ViN = -11 
-5.75 1 -6.0 
-8V < ViN < 
-5.7 1 

V 

1 -6.25 
-25V 

1 -6.3 

V 

Line regulation 

Tj = 25° C 

-7.2V < ViN < 

1 ^ 1 

-8V < ViN < 

1 ^ 1 

-25V 

105 

-12 V 

52 

-8V<Vin<- 
1 ^ 

-9V < ViN < 

1 

-25V 

60 

-13V 

30 

-8V< ViN < - 

i ^ 

-9V < ViN < 

1 1.5 

-25V 

1 120 
-13V 

60 

mV 

Load regulation 

Tj = 25°C 

5mA < louT ^ 1.5A 
250mA < louT ^ 750mA 


15 

5 

105 

52 

1_ 

14 

4 

60 

30 


14 

4 

120 

60 

mV 

Icc 

with line 

with load 

Tj = 25° C 

5mA < louT ^ 10A 

1 1 1 
-7.2V < ViN < 

0.1 

2 

-25V 

1.3 

0.5 

T 1 

-9V < ViN < ■ 

0.1 

2 

-25V 

1.3 

0.5 

T 1 

-8V < ViN < ■ 

0.1 

_1 

2 

-25V 

1.3 

0.5 

mA 

Output noise 
voltage 

Ta = 25°C 

10Hz <f< 100kHz 


130 



150 



150 


mV 

Long term 
stability 



22 



24 



24 


mV 

Ripple rejection 

f = 120Hz 

louT = 20mA 

. 

-8V < V|N < 
54 1 60 

-18V 

-9V < ViN < - 
54 1 60 

-19V 

-9V < ViN < 
54 1 60 

-19V 

dB 

Dropout voltage 

Tj = 25°C 
loUT = 1.0A 


1.1 



1 

1.1 



1.1 


V 

Output resistance 

f = 1kHz 


17 



19 



19 


mn 

los 

Tj = 25°C 


500 



500 



500 


mA 

Peak output 
current 

Tj = 25°C 


2.1 



2.1 



2.1 


A 

Average 
temperature 
coefficient of 
input voltage 

louT = 5mA 

0°C<Tj<125°C 

-0.4 

0°C<Tj<150°C 

-0.4 

0°C<Tj<125°C 

-0.4 

mV/°( 


NOTE 

1. 7900 - 0°C < Tj < 125°C 











iUA7905/05.2/06/08/12/15/18/24-U,DA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 500mA, -55°C < Tj < 150°C,1 

CiN = 2juF, CouT = ljuF unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

7908 

7908C 

7912 

UNiT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

VoUT 

Tj = 25°C 

V 

IN = - 1-^ 

V 

\ 

^in = -14 

V 


7in= -19 

V 

V 



-7.7 

-8.0 

-8.3 

-7.7 

-8.0 

-8.3 

-11.5 

-12.0 

-12.5 



P < 15W 

-11.5V< ViN < 

:-23V 

-10.5V <ViN < 

-23V 

-15.5V <ViN< 

-27V 



5mA < louT ^ 1 OA 

-7.6 


-8.4 

-7.6 

_ 

-8.4 

-^11.4 


-12.6 


Line regulation 

Tj = 25°C 

-10.5V <V|N< 

-25V 

-10.5V <ViN< 

-25V 

-14.5V <ViN< 

-30V 

mV 




6 

80 


6 

160 


10 

120 




-11V< V|N< 

-17 V 

-11V< ViN< 

-17V 

-16V< V|N< 

-22V 





2 

40 


2 

80 


3 

60 


Load regulation 

Tj-25°C 










mV 


5mA < louT ^ 1-5A 


12 

80 


12 

160 


12 

120 



250mA < louT < 750mA 


4 

40 


4 

80 


4 

60 


Icc 

Tj = 25°C 


1 

2 


1 

2 


1.5 

3.0 

mA 

with line 


-11.5V <ViN<-25V 

-10.5V <ViN< 

:-25V 

-15V< ViN< 

-30V 






1.0 



1.0 



1.0 


with load 

5mA < louT ^ 1 -OA 


.1 

0.5 


.1 

0.5 


.1 

0.5 


Output noise 

Ta-25°C 










mV 

voltage 

10Hz <f< 100kHz 


200 



200 



300 



Long term 



32 



32 



48 


mV 

stability 












Ripple rejection 

f = 120Hz 

-11.5V < ViN < 

-21.5V 

-11.5V< ViN< 

-21.5V 

-15V< ViN< 

-25V 

dB 


•out = 20mA 

54 

60 


54 

60 


54 

60 



Dropout voltage 

Tj = 25°C 


1.1 



1.1 



1.1 


V 


o 

c 

H 

II 

b 

> 











Output resistance 

f = 1kHz 


16 



16 



18 


mn 

los 

Tj = 25°C 


500 



500 



500 


mA 

Peak output 

Tj = 25°C 


2.1 



2.1 



2.1 


A 

current 












Average 

loUT = 5mA 

0°C<Tj<150°C 

0°C<Tj<125°C 

0 °C <Tj < 150°C 

mV/°C 

temperature 



-0.6 



-0.6 



-0.8 


■ 

coefficient of 












input voltage 













NOTE 

1. 7900C-0°C<Tj<125°C 
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/JA7905/05.2/06/08/12/15/18/24-U, DA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 500mA, -SS'C < Tj < 150°C,1 

CiN = 2/xF, CouT = 1/uF unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

7912C 

7915 

7915C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

VOUT 

Tj = 25° C 

V 

N = -19 

V 


/|N = -2C 

JV 

V 

IN = -23 

V 

V 



-11.5 

-12.0 

-12.5 

-14.4 

-15.0 

-15.6 

-14.4 

-15.0 

-15.6 



P< 15W 

-14.5V <ViN<-27V 

-18.5V <ViN < 

-30V 

-17.5V <ViN< 

-30V 



5mA < louT ^ 10A 

-11.4 


-12.6 

-14.25 


-15.75 

-14.25 


-15.75 


Line regulation 

Tj = 25°C 

-14.5V <ViN< 

-30V 

-17.5V < ViN < 

:-30V 

-17.5V < ViN 

-30V 

mV 




10 

240 


11 

150 


11 

300 




-16V< V|N< 

-22V 

-20V < V|N < 

-26V 

-20V < V|N< - 

26V 





3 

120 


3 

75 


3 

150 


Load regulation 

Tj = 25°C 










mV 


5mA < louT 1.5A 


12 

240 


12 

150 


12 

300 



250mA < louT ^ 750mA 


4 

120 


4 

75 


4 

150 


Icc 

Tj = 25° C 


1.5 

3.0 


1.5 

3.0 


1.5 

3.0 

mA 

with line 


-14.5V <ViN< 

-30V 

-18.5V <ViN < 

-30V 

-17.5V <ViN< 

-30V 






1.0 



1.0 



1.0 


with load 

5mA < louT ^ 1 OA 


.1 

0.5 


.1 

0.5 


.1 

0.5 


Output noise 

Ta = 25°C 










;uV 

voltage 

10H2<f< 100kHz 


300 



375 



375 



Long term 



48 



60 



60 


mV 

stability 












Ripple rejection 

f = 120Hz 

-15V < ViN < 

-25V 

18.5V <ViN<- 

•28.5V 

-18.5V < ViN < 

-28.5V 

dB 


louT = 20mA 

54 

60 


54 

60 


54 

60 



Dropout voltage 

Tj = 25°C 


1.1 



1.1 



1.1 


V 


loUT = 10A 











Output resistance 

N 

I 

V 


18 



19 



19 


mn 

los 

Tj = 25°C 


500 



500 



500 


mA 

Peak output 

Tj = 25°C 


2.1 



2.1 



2.1 


A 

current 












Average 

louT = 5mA 

0°C<Tj<125°C 

0°C<Tj<150°C 

0°C<Tj<125°C 

mV/°C 

temperature 



-0.8 



-1.0 



-1.0 



coefficient of 












input voltage 













NOTE 

1. 7900C-0°C<Tj<125°C 
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(UA7905/05.2/Q6/08/12/15/18/24-U,DA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = SOOtnA, -SS’C < Tj < 150“C,1 

CiN = 2/xF, CouT = VF unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

7918 

7918C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VoUT 

Tj = 25° C 

V 

IN = -27 

V 

V 

CM 

1 

II 

z 

/ 

V 



-17.3 

-18.0 

-18.7 

-17.3 

-18.0 

-18.7 



P < 15W 

-22V < ViN < 

-33V 

-21V< ViN< 

-33V 



5mA < louT ^ 1 .OA 

-17.1 


-18.9 

-17.1 


-18.9 


Line regulation 

Tj = 25°C 

-21V< ViN< 

-33V 

-21V< ViN< 

-33V 

mV 




15 

180 


15 

360 




-24V < ViN < 

-30V 

-24V < V|N < 

-30V 





5 

90 


5 

180 


Load regulation 

Tj = 25°C 







mV 


5mA < louT ^ 1.5A 


12 

180 


12 

360 



250mA < louT ^ 750mA 


4 

90 


4 

180 


Icc 

Tj = 25°C 


1.5 

3.0 


1.5 

3.0 

mA 

with line 


-22V < ViN < 

-33V 

-21V<Vin<- 

-33V 






1.0 



1.0 


with load 

5mA < louT < 1.0A 


.1 

0.5 


.1 

0.5 


Output noise 

Ta = 25°C 








voltage 

10Hz<f< 100kHz 


450 



450 


mV 

Long term 



72 



72 


mV 

stability 









Ripple rejection 

f = 120Hz 

-22V < ViN < 

-32V 

-22V < ViN < - 

-32V 

dB 


louT = 20mA 

54 

60 


54 

60 



Dropout voltage 

Tj = 25°C 


1.1 



1.1 


V 


lOUT = 1.0A 








Output resistance 

f = 1kHz 


22 



22 


mn 

los 

Tj = 25°C ^ 


500 



500 


mA 

Peak output 

Tj = 25°C 


2.1 



2.1 


A 

current 









Average 

louT = 5mA 

0°C<Tj<150°C 

0°C<Tj<125°C 

mV/°C 

temperature 



-1.0 



-1.0 



coefficient of 









input voltage 










NOTE 

1. 7900C - 0°C < Tj < 125°C 
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/iA7905/05.2/06/08/12/15/18/24-U,DA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 500mA, -55°C < Tj < 150°C,1 

CiN = 2/uF, CouT = VF unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

7924 

7924C 

UNIT 

' 

Min 

Typ 

Max 

Min 

Typ 

Max 

VOUT 

Tj = 25°C 

V 

IN = -33 

V 

V 

IN = -33 


V 



-23.0 

-24.0 

-25.0 

-23.0 

-24.0 

-25.0 



P < 15W 

-28V < ViN < 

-38V 

-27V < ViN < - 

-38V 



5mA < louT ^ 1 OA 

-22.8 


-25.2 

-22.8 


-25.2 


Line regulation 

Tj = 25°C 

-27V < ViN < 

-38V 

-27V < ViN < 

-38V 

mV 




18 

240 


18 

480 




-30V < ViN < 

-36V 

-30V < ViN < 

-36V 





6 

120 


6 

240 


Load regulation 

Tj = 25°C 







mV 


5mA < louT 1.5A 


12 

240 


120 

480 



250mA < louT ^ 750mA 


4 

120 


4 

240 


Icc 

Tj = 25° C 


1.5 

3.0 


1.5 

3.0 

mA 

with line 


-28V < ViN < 

-38V 

-27V < ViN < 

-38V 






1.0 



1.0 


with load 

5mA < louT ^ 10A 


0.1 

0.5 


0.1 

0.5 


Output noise 

Ta = 25°C 







mV 

voltage 

10Hz<f < 100kHz 


600 



600 



Long term 



96 



96 


mV 

stability 









Ripple rejection 

f = 120Hz 

-28V < ViN < -38V 

-28V < ViN < 

-38V 

dB 


louT = 20mA 

54 

60 


54 

60 



Dropout voltage 

Tj = 25°C ' 


1.1 

. 


1.1 


V 


IOUT=1.0A 








Output resistance 

f=1kHz 


28 



28 


mn 

los 

Tj = 25°C 


500 



500 


mA 

Peak output 

Tj = 25° C 


2.1 



2.1 


A 

current 









Average 

loUT = 5mA 

0°C<Tj<150°C 

0°C<Tj < 125°C 

mV/°C 

temperature 



-1.0 



-1.0 



coefficient of 









input voltage 










NOTE 

1. 7900C-0°C<Tj<125°C 
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^^A7905/05.2/06/08/12/15/18/24-U, DA 


EQUIVALENT CIRCUIT 



TYPICAL PERFORMANCE CURVES 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-3, 7900C) 



MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-3, 7900) 
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iLtA7905/05.2/06/08/12/15/18/24-U,DA 


TYPICAL PERFORMANCE CURVES (Cont d) 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-220, 7900C) 




INFINITE HEAT S(WKr 




AMBIENT TEMPERATURE (°C) 


RIPPLE REJECTION 
AS A FUNCTION OF FREQUENCY 



LOAD TRANSIENT RESPONSE 



DROPOUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 




DROPOUT CONDITIONS 
= 5% OF 


-75 -50 25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


OUTPUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 




-75 -50 -25 0 25 50 75 100 125 150 175 

JUNCTION TEMPERATURE (°C) 


LINE TRANSIENT RESPONSE 



PEAK OUTPUT CURRENT AS 
A FUNCTION OF INPUT-OUTPUT 
DIFFERENTIAL VOLTAGE 



0 5 10 15 20 25 

INPUT OUTPUT DIFFERENTIAL (V) 

RIPPLE REJECTION AS 
A FUNCTION OF 
OUTPUT VOLTAGES 



20h V,^, = 10Vpk-pk - 




8 10 12 14 16 18 20 22 

NOMINAL OUTPUT VOLTAGE (V) 


QUIESCENT CURRENT AS A 
FUNCTION OF INPUT VOLTAGE 



I OUT = 20mA 
- T , = 25°C 


0 5 10 15 20 25 TO 35 

INPUT VOLTAGE (V) 


signotics 
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/iA7905/05.2/06/08/12/15/18/24-U,DA 


TYPICAL PERFORMANCE CURVES (Contci) 


QUIESCENT CURRENT AS A 
FUNCTION OF TEMPERATURE 



AMBIENT TEMPERATURE (°C) 


OUTPUT IMPEDANCE 
AS A FUNCTION OF FREQUENCY 



NOTE 

The other /iA7900 series devices have similar performance curves. 
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IIEDUMERMINAL positive and NFfiATIvr 
M^PJIJSTAiLE miAGt kt:(jULiP il 


A£A78GC//xA79GC-U1 


DESCRIPTION 

The /iA78G and /uA79G are Four-Terminal 
Adjustable Voltage Regulators. They are 
designed to deliver continuous load cur¬ 
rents of up to 1.0A with a maximum input 
voltage of 40V for the positive regulator 78G 
and -40V for the negative regulator 79G. 
Output current capability can be increased 
to greater than 1.0A through use of one or 
more external transistors. The output volt¬ 
age range of the 78G positive voltage regu¬ 
lator is 5V to 30V and the output voltage 
range of the negative 79G is -30V to -2.2V. 
For systems requiring both positive and 
negative voltages, the 78G and 79G are 
excellent for use as a dual tracking regulator 
with appropriate external circuitry. 


FEATURES 

• Output current in excess of 1.0A 

• mA 78G positive output voltages 5 to 30V 

• /xA79G negative output voltage -30 to 
-2.2V 

• Internal thermal overload protection 

• Internal short circuit current protection 

• Output transistor safe area protection 

• Available in 4-Pin TO-202 package 


EQUIVALENT SCHEMATIC 



PIN CONFIGURATIONS 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Input voltage 



)uA78GC 

40 

V 

mA79GC 

-40 

V 

Control pin voltage 



mA78GC 

0 < V < VoUT 


jLtA79GC 

-VouT < -V < 0 


Power dissipation 

Internally limited 


Operating junction temperature range 



Commercial (]uA78GC, mA79GC) 

Oto 150 

°c 

Storage temperature range 



4-pin power TAB (U1) 

-55 to +150 

°c 

Lead temperature 



4-pin power TAB (U1) (Soldering, 10s) 

230 

°c 










PARAMETER 

TEST CONDITIONS 

mA78GC 

UNIT 


Typ 

Max 

Input voltage range 

Tj = 25°C 

BSI 


40 

V 

Output voltage range 

ViN = VouT + 5V 

5.0 


30 

V 

Output voltage tolerance 

(VoUT + 3V) < V|N (VoUT + 15V), 






Tj = 25°C 



4.0 

%VoUT 


5mA < louT ^ Ia 






Po<15W, ViN (MAX) = 38V 



5.0 

%VoUT 

Line regulation 

Tj = 25°C, VoUT<10V 






(VouT + 2.5V) < ViN < (VouT + 20V) 



1.0 

%V0UT 


Tj = 25“ C, VouT 2: 10V 






(VouT + 3V) < ViN < VouT + 15V 



0.75 

%V0UT 


Tj = 25°C, VoUT> 10V 






(VouT + 3V) < ViN VoUT + 7V 



0.67 

%VoUT 

Load regulation 

Tj = 25° C, 250mA < louT < 750mA 






Vin = Vout + 5V 



1.0 

%V0UT 


Tj = 25°C, Vin = Vout + 5V 






5mA < louT ^ 1.5A 



2.0 

%V0UT 

Control pin current 

Tj = 25°C 











Quiescent current 

Tj = 25°C 


3.2 









Ripple rejection 

8V < ViN ^ 18V, f = 120Hz 



■■n 



VouT = 5V 

62 

78 


dB 

Output noise voltage 

Tj = 25°C, 






10Hz < f < 100kHz, VouT = 5V 


40 



Dropout voltage 




wsm 


Short circuit current 

Tj = 25° C, V|N = 30V 


750 



Peak output current 

Tj = 25° C 


2.2 



Temperature coefficient of Vqut 

VouT = 5V, louT = 5mA 


-1.1 



Control pin voltage (reference) 

Tj = 25°C 

4.8 

5.0 

5.2 

V 



4.75 


5.25 

V 
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DC ELECTRICAL CHARACTERISTICS mA79GC-0‘’C < Tj < Vin = -10V, Iqut = 500mA, 

Test circuit 2, unless otherwise specifiedi,2,3 


mA78GC//uA79GC-U1 


PARAMETER 

TEST CONDITIONS 

/uA79GC 

UNIT 

Min 

Typ 

Max 

Input voltage range 

Output voltage range 

Tj = 25°C 

ViN = VouT -5V 

-40 

-30 


-7.0 

-2.23 

V 

V 

Output voltage tolerance 

(VouT -15V) < Vin < (VouT -3V), 

Tj = 25°C 



4.0 

%(Vout) 


5mA < louT ^ 1A 






Pd<15W, Vin (MAX) = -38V 



5.0 

%(V0UT) 

Line regulation 

Tj = 25°C, VoUT>-10V 
(VoUT -20V) < V|N ^ (VoUT -2.5V) 



1.0 

%(Vout) 


Tj = 25°C, VoUT<-10V 
(VouT -15V) < Vin < (Vqut -3V) 



0.75 

%(Vout) 


Tj = 25°C, VouT<-10V 
(VouT -7V) < Vin < (Vqut -3V) 



0.67 

%(Vout) 

Load regulation 

Tj = 25°C, Vin = Vout-5V 

250mA < louT < 750mA 



1.0 

%(Vout) 


Tj = 25°C, ViN = VouT -5V 






5mA < louT ^ 1-5A 



2.0 

%(Vout) 

Control pin current 

Tj-25°C 


0.4 

2.0 

mA 





3.0 

/liA 

Quiescent current 

Tj = 25®C 


.5 

1.5 

mA 





2.0 

mA 

Ripple rejection 

-18V < Vin < -8V 

VouT = -5V, f = 120Hz 

50 

60 


dB 

Output noise voltage 

Tj = 25°C. 






10Hz < f < 100kHz, VouT = -5V 


125 


mV 

Dropout voltage 




2.3 

V 

Short circuit current 

Tj = 25°C, Vin =-30V 


500 


mA 

Peak output current 

Tj = 25°C 


2.2 


A 

Temperature coefficient of output voltage 

VoUT = -5V, louT = 5mA 


-0.4 


mV/°C 

Control pin voltage (reference) 

Tj = 25°C 

-2.32 

-2.23 

-2.14 

V 



-2.35 


-2.11 

V 


1. VouT is defined for the 78GC as Vqut =- 

pi 4- RO 

VouT =- 


■ (5.0); The 79GC as 


R2 


2. Dropout voltage is defined as that input-output voltage differential which causes the 
output voltage to decrease by 5% of its initial value. 

3. The convention for negative is the algebraic value, thus -15 is less than -10V. 


TYPICAL PERFORMANCE CHARACTERISTICS 


PEAK OUTPUT CURRENT AS A 
FUNCTION OF INPUT-OUTPUT 
DIFFERENTIAL VOLTAGE 



INPUT-OUTPUT DIFFERENTIAL-V 


QUIESCENT CURRENT AS A 
FUNCTION OF INPUT VOLTAGE 



CONTROL CURRENT AS A 
FUNCTION OF TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 150 175 


JUNCTION TEMPERATURE-°C 


Bignotics 
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/uA78GC/mA79GC-U1 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


DIFFERENTIAL CONTROL 
VOLTAGE AS A FUNCTION OF 
INPUT VOLTAGE 


DIFFERENTIAL CONTROL 
VOLTAGE AS A FUNCTION OF 
OUTPUT CURRENT 


RIPPLE REJECTION AS 
A FUNCTION OF 
OUTPUT VOLTAGE 



INPUT VOLTAGE—V 


OUTPUT CURRENT-mA 


OUTPUT VOLTAGE—V 


DROPOUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 


RIPPLE REJECTION AS A 
FUNCTION OF FREQUENCY 


LOAD TRANSIENT RESPONSE 



-75 - 50 - 25 0 25 50 75 100 125 150 175 



10 100 Ik 10k 100k 


—1—1— 
V,N = 10V 

— 







71 

G 

Vc 

>UT 

= 5 

V 













)AD 

CU 

IRE 

MT 








r 




i 












j 



















0 

I 

UTF 

D 

»UT 

EVIi 

VOL 

4TIC 

TAG 

>N 









J 

s 







0 

M 

P 











_1 

1 










Z] 

d 











_J 



_J 







0 10 20 30 40 50 60 


JUNCTION TEMPERATURE- °C 


FREQUENCY—Hz 


TIME—liS 


LINE TRANSIENT RESPONSE 



PEAK OUTPUT CURRENT AS 
A FUNCTION OF INPUT-OUTPUT 
DIFFERENTIAL VOLTAGE 



0 5 10 15 20 25 30 


QUIESCENT CURRENT AS A 
FUNCTION OF INPUT VOLTAGE 



TIME-/US 


INPUT-OUTPUT DIFFERENTIAL—V 


INPUT VOLTAGE-V 


196 


sionotics 








OUTPUT VOLTAGE DEVIATION- 


mA78GC/mA79GC-U1 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


CONTROL CURRENT AS A 
FUNCTION OF TEMPERATURE 


DIFFERENTIAL CONTROL 
VOLTAGE AS A FUNCTION OF 
INPUT VOLTAGE 


DIFFERENTIAL CONTROL 
VOLTAGE AS A FUNCTION OF 
OUTPUT CURRENT 


V,N = -10V > 

' "VOUT -5V-Vs—- 
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DROPOUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 


RIPPLE REJECTION AS 
A FUNCTION OF FREQUENCY 
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aA78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 


DESCRIPTION PIN CONFIGURATIONS 

The 78HV00 series of monolithic Three- 
Terminal Positive Voltage Regulators em¬ 
ploy 60 volt input breakdown, thermal shut¬ 
down and safe-area compensation, making 
them essentially Indestructible. If adequate 
heat sinking Is provided, they can deliver 
over 1A output current, (78HV00 series) and 
500mA (78MHV00 series). They are intended 
as fixed-voltage regulators In a wide range 
of applications including local, on-card reg¬ 
ulation for elimination of distribution prob¬ 
lems associated with single point regula¬ 
tion. In addition to use as fixed voltage 
regulators, these devices can be used with 
external components to obtain adjustable 
output voltages and currents and also as the 
power pass element in precision regulators. 

FEATURES 

• Input voltage greater than 60 volts 

• No external components 

• Internal thermal overload protection 

• Internal short circuit current iimiting 

• Output transistor safe-area compensa¬ 
tion 

• Available in the TO-220, the TO-3, and 
the TO-39 package 

• Output voltages of 5, 6, 8,12,13.8,15,18, 
and 24 volts 


U PACKAGE (TO-220) 


O 




V' 


V, 


ORDER INFORMATION 


OUTPUT 

ORDER 

VOLTAGE 

PART NO. 

5V 

78HV05CU/SA78HV05CU 

6V 

78HV06CU/SA78HV06CU 

8V 

78HV08CU/SA78HV08CU 

12V 

78H VI2CU/SA78HV12CU 

13.8V 

78H VI4CU/SA78H VI4CU 

15V 

78HV15CU/SA78HV15CU 

18V 

78HV18CU/SA78HV18CU 

24V 

78HV24CU/SA78HV24CU 

5V 

78MHV05CU/SA78MHV05CU 

6V 

78MHV06CU/SA78MHV06CU 

8V 

78MHV08CU/SA78MHV08CU 

12V 

78MHV12CU/SA78MHV12CU 

15V 

78MHV.15CU/SA78MHV15CU 

18V 

78MH VI8CU/SA78M H VI8CU 

24V 

78MHV24CU/SA78MHV24CU 


DA PACKAGE (TO-3) 

COMMON (3) 

y— OUTPUT (2) 


^ INPUT (1) 

ORDER INFORMATION 

OUTPUT 

ORDER 

VOLTAGE 

PART NO. 

5V 

78HV05DA 

6V 

78HV06DA 

8V 

78HV08DA 

12V 

78HV12DA 

13.8 V 

78HV14DA 

15V 

78HV15DA 

18V 

78HV18DA 

24V 

78HV24DA 

5V 

78HV05CDA/SA78HV05CDA 

6V 

78HV06CDA/SA78HV06CDA 

8V 

78HV08CDA/SA78HV08CDA 

12V 

78H VI2CDA/SA78H VI2CDA 

13.8V 

78HV14CDA/SA78HV14CDA 

15V 

78HV15CDA/SA78HV15CDA 

18V 

78HV18CDA/SA78HV18CDA 

24V 

78HV24CDA/SA78HV24CDA 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Input voltage (6V through 24V) 

60 

V 

Internal power dissipation^ 

Internally limited 


Storage temperature range 

-65 to +150 


Operating junction temperature range2 



78HV00, 78MHV00 

-55 to +150 

°c 

78HV00C, 78MHV00C 

Oto +125 

*^0 

SA78HV00C, SA78MHV00C 

-40 to +125 


Lead temperature 



TO-3 package 



(soldering, 60 second time limit) 

300 

OQ 

TO-220 package 



(soldering, 10 second time limit) 

230 



NOTES 


1. Thermal resistance of the packages (without a heat sink) 

Junction to case: TO-3 package 4°C/W: TO-220 package 2°C/W, TO-39 package 
20°C/W 

Junction to ambient: TO-3 package 35°C/W; TO-220 package 50°C/W, 

TO-39 package 170° C/W 

2. Operating ambient temperature range 

78HV00 -55° C to+125° C 

78HV00C 0°Cto+86°C 

SA78HV00C -40°Cto+85°C 


DB PACKAGE (TO-39) 



ORDER INFORMATION 


OUTPUT 

ORDER 

VOLTAGE 

PART NO. 

5V 

78MHV05DB 

6V 

78MHV06DB 

8V 

78MHV08DB 

12V 

78MHV12DB 

15V 

78MHV15DB 

20V 

78MHV20DB 

24V 

78MHV24DB 

5y 

78MHV05CBD/SA78MHV05CDB 

6V 

78MHV06CDB/SA78MHV06CDB 

8V 

78MHV08CDB/SA78MHV08CDB 

12V 

78MHV12CDB/SA78MHV12CDB 

15V 

78MHV15CDB/SA78MHV15CDB 

20V 

78MHV20CDB/SA78MHV20CDB 

24V 

78MHV24CDB/SA78MHV24CDB 
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mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS loui = 500mA. Cin = 0.33mF, Cout = O.^F, Tj = 25"C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78HV051 

78HV05C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 


ViN= 10V 

4.8 1 5.0 1 5.2 

4.8 

ViN = 10V 

5.0 1 5.2 

V 


Over temp.,1 5mA < Iqut < 1 -OA, 

8V < ViN < 20V 

7V < ViN < 25V 



Pd<15W 

4.65 

L__.. 

5.35 

4.75 


5.25 

V 



7V < ViN < 25V 

7V < ViN < 25V 


Line regulation 



3 

50 


3 

100 

mV 



8V<Vin<12V 

8V<Vin<12V 





1 

25 


1 

50 

mV 

Load regulation 

5mA < loUT ^ 1.5A 


15 

50 


15 

100 

mV 


250mA < loUT ^ 750mA 


5 

25 


5 

50 

mV 

Icc 



4.2 

6.0 


4.2 

8.0 

mA 



8V < ViN < 25V 

7V < ViN <25V 


Alec 

Over temp.,1 with line 



0.8 



1.3 

mA 


With load, 5mA < Iqut ^ 1 -OA 



0.5 



0.5 

mA 

Output noise voltage 

10Hz<f< 100kHz 


40 



40 


mV 

Voltage drift 

mV/IOOOhrs. 


_ 

20 



20 

mV 



8V< Vin<18V 

8V<Vin<18V 


Ripple rejection 

Over temp.,1 f = 120Hz 

68 

78 


62 

78 


dB 

Dropout voltage 

Iqut = 1.0A 

. 

2.0 



2.0 


V 

Output resistance 

f = 1kHz 


17 



17 


mn 

Isc 



750 



750 


mA 

Peak output current 



2.2 



2.2 


A 

VouT Output temperature drift 

Iqut = 5mA 

0"C<Tj<150°C 

_LlM_ 

0°C<Tj< 125°C 

1 -1.1 1 

mV/"C 


NOTES 

1. -55°C < Tj < 150°C for 78HV00 
0°C < Tj < 125°C for 78HV00C 
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mA78HV00/SA78HV00/78I\/IHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) louT = 500mA, Cin = 0.33)uF, CouT = O.VF, Tj = 25° C 

unless otherwise specified. 


78HV061 


PARAMETER 

TEST CONDITIONS 

i 

Min 

Typ Max 

Min 

Typ Max 

UNIT 



V 

^N = 11V 


ViN = 11V 


Output voltage 


5.75 1 

6.0 1 6.25 

5.75 1 

1 6.0 1 6.25 

V 


Over temp.,1 5mA < Iqut ^ 1 -OA, 

9V<Vin<21V 

8V<Vin<21V 



Pd<15W 

1 5.65 1 

1 6.35 1 

5-7 1 

1 _1 8-3 1 

V 



8V < ViN < 25V 1 

8V<Vin<25V I 


Line regulation 


1 

5 j 60 


1 5 1 120 

mV 



9V<Vin<13V 

9V<V|N<13V 





1.5 30 


1.5 60 

mV 

Load regulation 

5mA < louT ^ 1.5A 


14 60 


14 120 

mV 


250mA < loUT ^ 750mA 


o 

CO 


o 

CO 

mV 




1 4.3 1 6.0 1 


4.3 1 8.0 1 

mA 



1 9V < ViN < 25V 1 

8V < ViN < 25V 1 



Over temp.,1 with line 


0.8 


1.3 

mA 


With load, 5mA < Iqut < 1 .OA 


0.5 


0.5 

mA 

Output noise voltage 

10Hz<f< 100kHz 


45 


45 

mV 

Voltage drift 

mV/IOOOhrs. 


24 


24 

mV 



1 9V<Vin<19V 

1 9V<V|n<19V 


Ripple rejection 

Over temp.,1 f = i20Hz 

65 

75 

59 

75 1 

dB 

Dropout voltage 

lOUT = 1.0A 


2.0 


2.0 

V 

Output resistance 

f = 1kHz 


19 


19 ' 

mO 


1 


550 


550 

mA 

Peak output current 

1 

, 1 


2.2 


2.2 

A 


j 

1 0®C<Ti<150°C 

C 

o 

IC 

Csl 

V 

h- 

V 

c 

o 

c 


Output temperature drift 

louT = 5mA 1 


1 -0-8 1 


1 -0-8 1 

mV/°i 


1, -55“ C < Tj < 150“ C for 78HVOO 
0“C < Tj < 125“C for 78HV00C 
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AiA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = SOOmA, Cin = 0.33mF, Gout = O.VF, Tj = 25°C, 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78HV081 

78HV08C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



Vin = 14\/ 

Vin = 14V 


VouT Output voltage 


7-7 1 

8.0 

8.3 

7Jj 

8.0 

8.3 

V 


Over temp.,1 5mA < Iqut < 1 OA, 

11.5V <ViN< 23V 

10.5V <ViN< 23V 



Pd<15W 

7.6 


8.4 

7.6 


8.4 

V 



10.5 <ViN< 25V 

10.5V <V|N< 25V 


Line regulation 




80 



160 

mV 



11V< Vin<17V 

11V<Vin<17V 





_2_ 

40 


_21 

80 

mV 

Load regulation 

5mA < louT ^ 1.5A 


MM 

80 


MM 

160 

mV 


250mA < I OUT ^ 750mA 


■■ 

40 


MM 

80 

mV 

Icc 



mm 

6.0 


mm 

8.0 

mA 





■■1 

Alee 

Over temp.,1 with line 






MM 



With load, 5mA < Iout ^ 1.0A 





m 


I^EEH 

Output noise voltage 

10Hz<f < 100kHz 


52 



wm 



Voltage drift 

mV/IOOOhrs. 



32 




mV 






Ripple rejection 

Over temp.,1 f = 120Hz 



■■I 



HHI 

dB 

Dropout voltage 

Iout = 1.0A 

IHH 

2.0 



2.0 

1 

V 

Output resistance 

f = 1kHz 

1 

16 



16 


mn 

Isc 






450 


mA 

Peak output current 






2.2 

HI 

A 



non < Ti < 150°C 



VouT Output temperature drift 

Iout = 5mA 


-0.8 

_ 


-0.8 

■1 

mV/®C 


NOTES 

1. -55° C < Tj < 150° C for 78HVOO 
0°C < Tj < 125°C for 78HV00C 
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mA78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB.U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 500mA, Cin = 0,33mF, Cout = O.l^F, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

— 

TEST CONDITIONS 

78HV121 

78HV12C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



ViN= 19V 


ViN =19V 


VouT Output voltage 


11.5 

12.0 

12.5 

11.5 

12.0 

12.5 

V 


Over temp.,1 5mA < Iqut ^ 1 -OA, 

15.5V <ViN< 27V 

14.5V <ViN< 27V 



Pd<15W 

-:- 

11.4 


12^6 __ 

. 11-4 


12.6 

V 



14.5V <ViN< 30V 

14.5V <ViN< 30V 


Line regulation 



10 

120 


10 

240 

mV 



16V< Vin<22V 

16V< Vin<22V 





3 

60 


3 

120 

mV 

Load regulation 

5mA < loUT ^ 1.5A 


12 

120 


12 

240 

mV 


250mA < louT ^ 750mA 


4 

60 


4 

120 

mV 

Icc 



4.3 

6.0 


4.3 

8.0 

mA 



15V< Vin<30V 

14.5V <ViN< 30V 


Alee 

Over temp.,1 with line 



0.8 



1.0 

mA 


With load, 5mA < Iqut < 1 OA 



0.5 



0.5 

mA 

Output noise voltage 

10Hz<f< 100kHz 


75 



75 


mV 

Voltage drift 

mV/IOOOhrs. 



48 



48 

mV 



15V< Vin<25V 

15V< Vin<25V 


Ripple rejection 

Over temp.,1 f = 120Hz 

61 

71 


55 

71 


dB 

Dropout voltage 

lOUT = 10A 


2.0 



2.0 


V 

Output resistance 

f = 1kHz 


18 



18 


mn 

Isc 



350 



350 


mA 

Peak output current 



2.2 



2.2 


A 

VouT Output temperature drift 

louT = 5mA 

0°C<Tj < 150°C 

_ LiM _ 

0°C<Tj<125°C 

__, 

mV/°C 


NOTES 

1. -55°C < Tj < 150°C for 78HVOO 
0°C < Tj < 126°C for 78HV00C 
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iuA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 500mA, Cin = 0.33mF, Cout = O-I^F, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78HV141 

78HV14C1 

UNIT 

Min Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 


ViN = 22V 

13.3 1 13.8 1 14.3 

13.3 

ViN = 22V 

13.8 1 14.3 

V 


Over temp.,1 5mA < Iout ^ 1-OA, 
Pd<15W 

17.5V < ViN < 29V 
13.15 1 1 14.45 

16.5V <ViN< 29V 
13.151 1 14.95 

V 

Line regulation 


16.5V< ViN <30V 

1 10 1 140 

16.5V< ViN <30V 

1 10 1 280 

mV 



19V 

<V|N< 

3 

25V 

70 

19\ 

^ < ViN ^ 
. 3 1 

:25V 

140 

mV 

Load regulation 

5mA < Iout ^ 1.5A 

250mA < Iout ^ 750mA 


12 

4 

140 

70 


12 

4 

280 

140 

mV 

mV 

Icc 



4.3 

6.0 


4.3 

8.0 

mA 

Alec 

Over temp.,1 with line 

With load, 5mA < Iout ^ 1 -OA 

17V 

< V|N< 

30V 

0.8 

0.5 

16.5 

V< ViN 

<30V 

1.0 

0.5 

mA 

mA 

Output noise voltage 

10H2<f < 100kHz 


85 



85 


mV 

Voltage drift 

mV/1000hrs. 



56 



56 

mV 

Ripple rejection 

Over temp.,1 f = 120Hz i 

17V 

54 

<Vin£ 

70 

27V 

171 

60 

/ ^ ViN ^ 
70 

= 27V 

dB 

Dropout voltage 

Iout = l.OA 


2.0 



2.0 


V 

Output resistance 

f = 1kHz 


18 



18 


mO 

Isc 



350 



350 


mA 

Peak output current 



2.2 



2.2 


A 

VouT Output temperature drift 

Iout = 5mA 

0°C<Tj < 150°C 

_ m _ 

0°C<Tj<125°C 

_LIU_ 

mV/°C 


NOTES 

1. -55° C < Tj < 150°C for 78HV00 
0°C < Tj < 125°C for 78HVOOC 
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BignotiES 













mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 500mA, Cin = 0.33azF, Cout = O.^F, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78HV151 

78HV15C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 


ViN = 23V 

14.4 1 15.0 1 15.6 

ViN = 23V 

14.4 1 15.0 1 15.6 

V 


Over temp.,1 5mA < Iqut ^ 1 OA, 
Pd<15W 

18.5V < ViN S 30V 
14.25 1 1 15.75 

17.5V <ViN< 30V 
14.25 1 115.75 

V 

Line regulation 


17.5V <ViN< 30V 

1 11 1 150 

17.5V <ViN< 30V 

1 11 1 300 

mV 



20V 

^ V|N ^ 
3 

26V 

75 

20V 

^ V|N < 

3 

26V 

150 

mV 

Load regulation 

5mA < louT ^ 1.5A 

250mA < louT ^ 750mA 


12 

4 

150 

75 


12 

4 

300 

150 

mV 

mV 

Icc 



4.4 

6.0 


4.4 

8.0 

mA 

Alec 

Over temp.,1 with line 

With load, 5mA < Iqut < 1 .OA 

18.5V 

'<ViN< 

;30V 

0.8 

0.5 

17.5) 

/ < V|N 5 

^ 30V 

1.0 

0.5 

< < 
E E 

Output noise voltage 

10Hz<f< 100kHz 1 


90 



90 


mV 

Voltage drift 

mV/IOOOhrs. 



60 



60 

mV 

Ripple rejection 

— 

Over temp.,1 f = l20Hz 

18.5 V 
60 

^ ViN ^ 
70 

28.5V 

18.5 V 
54 

< V|N ^ 
70 

28.5V 

dB 

Dropout voltage 

louT = 1 OA 


2.0 



2.0 


V 

Output resistance 

f = 1kHz 


19 



19 


mn 

Isc 



230 



230 


mA 

Peak output current 



2.1 



2.1 


A 

VouT Output temperature drift 

Iqut = 5mA 

0°C<Tj<150'’C 

r"i_ 

0°C<Tj<125®C 

1 1 

mvre 


NOTES 

1. -55°C<Tj< 150°Cfor78HV00 
0°C < Tj < 125°C for 78HV00C 


signotics 
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mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 500mA, Cin = 0.33mF. Cout = 0.1/xF, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78HV181 

78HV18C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



Vin = 27V 

Vin = 27V 


VouT Output voltage 


17.3 

18.0 

18.7 

17.3 

18.0 

18.7 

V 


Over temp.,1 5mA < lour ^ 1 .OA, 

22V < ViN < 33V 

21V< Vin<33V 



Pd<15W 


_ 

18.9 

17^ 


18.9 

V 



21V< Vin<33V 

21V<Vin<33V 


Line regulation 



15 

180 


15 

360 

mV 



24V < ViN < 30V 

24V 

< ViN < 30V 




j 

L5 I 



5 

180 

mV 

Load regulation 

5mA < louT ^ 1.5A 

llllllll 

WM 

180 


■9 

360 

mV 


250mA < louT ^ 750mA 


■■ 

90 


■■ 

180 

mV 

Icc 



mm 

6.0 


mm 

8.0 

mA 






Alec 

Over temp.,1 with line 



0.8 



mm 

mA 


With load, 5mA < Iqut < 1.0A 

IBI 


0.5 

Bill 



mA 

Output noise voltage 

10Hz<f< 100kHz 


110 



110 


mV 

Voltage drift 

mV/1000hrs. 



72 



72 

mV 






Ripple rejection 

Over temp.,1 f = 120Hz 



HUI 



mi 

dB 

Dropout voltage 

•out = 1-OA 


2.0 



2.0 


V 

Output resistance 

f = 1kHz 


22 



22 


mn 

Isc 



200 



200 


mA 

Peak output current 



2.1 





A 

VouT Output temperature drift 

•out = 5mA 

Unwm 

■RDlli 

mV/®C 


NOTES 

1. -55° C < Tj < 150° C for 78HVOO 
0°C < Tj < 125°C for 78HVOOC 
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sionotics 






























































juA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 500mA. Cin = 0.33mF, Cout = O.ImF, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78HV241 

78HV24C1 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



ViN = 33V 

ViN = 33V 


VouT Output voltage 


23.0 

24.0 

25.0 

23.0 

24.0 

25.0 

V 


Over temp.,'1 5mA < Iqut ^ 1.0A, 

28V < ViN < 38V 

28V < ViN < 38V 



Pd<15W 

22.8 

_ 

25.2 

22.8 

_1 

,25.2 

V 



27V < ViN < 38V 

27V < ViN < 38V 


Line regulation 



18 

240 


18 

480 

mV 








..I 

6 

120 


J 


mV 

Load regulation 

5mA < louT ^ 1.5A 

__ 

MM 

240 

jm 

MM 

480 

mV 


250mA < louT ^ 750mA 

mm 

MM 

120 


MM 

240 

mV 

Icc 



■a 

6.0 


4.6 

8.0 

mA 






Alec 

Over temp.,1 with line 



0.8 




mA 


With load, 5mA < Iqut ^ 1 OA 

imim 

imim 

0.5 

imi 

mmi 


mA 

Output noise voltage 

10Hz<f< 100kHz 


170 



170 


mV 

Voltage drift 

mV/1000hrs. 



96 



96 

mV 




28V< Vin<38V 


Ripple rejection 

Over temp.,1 f = 120Hz 




50 

66 


dB 

Dropout voltage 

lOUT = 1.0A 


2.0 



2.0 


V 

Output resistance 

f = 1kHz 


28 



28 


mn 

Isc 



150 



MEW 


mA 

Peak output current 



2.1 



WSM 


A 



n®r: < t, <i50°c 

0®C<Ti<125°C 


VouT Output temperature drift 

louT = 5mA 


-1.5 



-1.5 


mV/°C 


NOTES 

1. -55° C < Tj < 150° C for 78HVOO 
0°C < Tj < 125°C for 78HV00C 


s|i|nDtics 
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/zA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Gont’d) Iout 500mA, Gin = O.SS^F, Gout = O.^F, Tj = 25°G 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SA78HV05C2 

SA78HV06C2 

UNiT 

Min 

Typ 

Max 

Min 

Typ 

Max 



ViN = 10V 

> 

II 

z 

> 


VouT Output voltage 


4.8 

4.0 

5.2 

5.75 

6.0 

6.25 

V 


Over temp.,2 5mA < Iout ^ 1 -OA, 

7V < ViN < 25V 

8V < ViN < 25V 



Pd<15W 

4.65 


5.35 

5.65 


6.35 

V 



7V < ViN < 25V 

8V < ViN < 25V 


Line regulation 



3 

100 


5 

120 

mV 



8V<Vin<12V 

9V<Vin<13V 





1 

50 


1.5 

60 

mV 

Load regulation 

5mA < Iout ^ 1.5A 


15 

100 


14 

120 

mV 


250mA < Iout ^ 750mA 


5 

50 


4 

60 

mV 

Icc 



4.2 

8.0 


4.3 

8.0 

mA 



7V < ViN < 25V 

8V < ViN < 25V 


Alec 

Over temp.,2 with line 


0.8 



0.8 


mA 


With load, 5mA < Iout ^ 1.0A 


0.3 



0.3 


mA 

Output noise voltage 

10Hz<f< 100kHz 


40 



45 


mV 

Voltage drift 

mV/IOOOhrs. 



20 



24 

mV 



8V<Vin<18V 

9V<Vin<19V 


Ripple rejection 

Over temp.,2 f = 120Hz 

62 

78 


59 

75 


dB 

Dropout voltage 

Iout = 1.0A 


2.0 



2.0 


V 

Output resistance 

f = 1kHz 


17 



19 


mn 

Isc 









Peak output current 



mm 



noil 


A 


o°c<Tj< las'C 








VouT Output temperature drift 

Iout = 5mA 

_ 

-1.1 


_ 

-0.8 
_ 1 


mV/°G 


NOTES 

2. -40°C < Tj < +125°C for SA78HV00C 
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signetiES 










mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 500mA, Cin = 0.33mF, Gout = O.^F, Tj = 25°C 

unless otherwise specified. 


PARAMETER 



SA78HV12C2 

UNIT 




Min 

Typ 

Max 



ViN = 14V 

Vin = 19V 


VouT Output voltage 


7.7 

8.0 

8.3 

11.5 

12.0 

12.5 

V 


Over temp.,2 5mA < Iqut ^ 1 -OA, 

10.5V <V|N< 23V 

14.5V <ViN< 27V 



Pd<15W 

7-6 1 

_1 

8-4 

11.4 


12.6 

V 



10.5V <ViN< 25V 

14.5V <ViN< 30V 


Line regulation 








mV 








miBi 






mV 

Load regulation 

5mA < louT ^ 1.5A 



160 


n 


mV 


250mA < louT ^ 750mA 


■■ 

80 


■■ 


mV 

Ice 



mm 

8.0 


mm 


mA 



10.5V <ViN< 25V 

14.5V <ViN< 30V 


Alec 

Over temp.,2 with line 


0.8 



0.8 


mA 


With load, 5mA < lour ^ 1 OA 


0.3 



0.3 


mA 

Output noise voltage 

10Hz<f< 100kHz 


52 



75 


mV 

Voltage drift 

mV/IOOOhrs. 



32 



48 

mV 






Ripple rejection 

Over temp.,2 f = 120Hz 







dB 

Dropout voltage 

lOUT = 1-OA 





2.0 


V 

Output resistance 

f = 1kHz 


16 



18 


mO 

Isc 



450 



1^^ 


mA 

Peak output current 



2.2 



H9 


A 


0®C<Tj<125°C 




■■■ 


{■■I 


VouT Output temperature drift 

louT = 5mA 

■ 

-0.8 

■ 

■ 

-1.0 

■ 



NOTES 

2. -40°C < Tj < +125°C for SA78HV00C 


Bignotics 
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mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 5mA Cin = 0.33mF. Cout = 0.1mF. Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SA78HV14C2 

SA78HV15C2 

UNIT 




Min 





ViN = 22V 

ViN = 23V 


VouT Output voltage 


13.3 

13.8 1 14.3 

14.4 

15.0 

15.6 

V 


Over temp.,2 5mA < lour ^ 1.0A, 

16.5V <ViN< 29V 

17.5V< V|N <30V 



Pd<15W 

13.15 

_1 

14.95 

14.25 


15.75 

V 



16.5V <ViN< 30V 



Line regulation 



10 

280 


11 

300 

mV 



19V < ViN < 25V 

20V < ViN < 26V 





3 

140 


3 

150 

mV 

Load regulation 

5mA < louT ^ 1-5A 


■9 

280 


■■ 

150 

mV 


250mA < louT < 750mA 


■■ 

140 


■■ 

75 

mV 

Icc 



■a 

8.0 


mm 


mA 



16.5V <ViN< 30V 

17.5V <ViN< 30V 


Icc 

Over temp.,2 with line 


0.8 



0.8 


mA 


With load, 5mA < Iout < 1.0A 


0.3 





mA 

Output noise voltage 

10Hz<f< 100kHz 


85 



90 



Voltage drift 

mV/IOOOhrs. 



56 



60 

mV 






Ripple rejection 

Over temp.,2f = 120Hz 



IB 



n 

dB 

Dropout voltage 

Iout = l-OA 


2.0 



2.0 


V 

Output resistance 

N 

X 

II 


18 



19 


mO 

Isc 



350 



230 

im 

mA 

Peak output current 



2.2 



2.1 


iHlI 

VouT Output temperature drift 

0°C<Tj<125°C 

Iout = 5mA 

_ 


-1.0 

■ 

■ 

-1.0 

I 

mV/°C 


NOTES 

2. -40°C<Tj<+125°CforSA78HV00C 
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sjgnDtics 




































































mA78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) louT = 5mA, Cin = 0.33/zF, CouT = O.VF, Tj = 25° C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SA78HV18C2 

SA78HV24C2 

UNiT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VOUT 

Output voltage 


ViN = 27V 

17.3 1 18.0 1 18.7 

23.0 

ViN - 32 
24.0 

V 

25.0 

V 



Over temp.,2 5mA < louT ^ 1 OA, 

21V< Vin<33V 

28V < ViN < 38V 




Pd<15W 

. J7.1 _ 


18.9 

22.8 


25.2 

V 




21V< Vin<33V 

27V < ViN < 38V 



Line regulation 



15 

360 


18 

480 

mV 




24V < ViN < 30V 

30V < V|N < 36V 






5 

180 


6 

240 

mV 


Load regulation 

5mA < louT ^ 1.5A 


12 

360 


12 

480 

mV 



250mA < louT ^ 750mA 


4 

180 


4 

240 

mV 

Icc 



4.5 

8.0 


4.6 

8.0 

mA 




21V< Vin<33V 

27V < V|N < 38V 


Icc 


Over temp.,2 with line 


0.8 



0.8 


mA 



With load, 5mA < lour ^ 1-OA 


0.3 



0.3 


mA 

Output noise voltage 

10Hz<f< 100kHz 


110 



170 


mV 

Voltage drift 

mV/IOOOhrs. 



72 



96 

mV 




22V < V|N < 32V 

28V < ViN < 38V 



Ripple rejection 

Over temp.,2 f = 120Hz 

59 

69 


56 

66 


dB 

Dropout voltage 

louT = 1.0A 


2.0 



2.0 


V 

Output resistance 

f = 1kHz 


22 



28 


mn 

Isc 



200 



150 


mA 

Peak output current 



2.1 



2.1 


A 

VouT 

Output temperature drift 

0°C<Tj<125°C 
louT = 5mA 

_i 


-1.0 

_ 

— 


-1.5 


mV/°C 


NOTES 

2. -40°C<Tj<+125°C forSA78HV00C 


sjonDtics 
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mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 350niA, Cin = O.SSmF. Cout = O.VF, Tj = 25"C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78MHV053 

78MHV05C3 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



V|N = 10V 


V|N = 10V 


VouT Output voltage 


4.8 

5.0 

5.2 

4.8 

5.0 

5.2 

V 


Over temp., 3 5mA < Iqut < 350mA 

8V < ViN < 20V 

7V<Vin<20V 




4.7 

..._ 

^■3 

4.75 


5.25 

V 



7V < ViN < 25V 

7V < ViN < 25V 


Line regulation 

louT = 200mA 


3 

50 


3 

100 

mV 



8V < ViN < 20V 

8V < ViN < 25V 





.1 

25 


1 

50 

mV 

Load regulation 

5mA < louT ^ 500mA 


20 

50 


20 

100 

mV 


5mA < louT ^ 200mA 


10 

25 


10 

50 

mV 

Icc 



4.5 

6.0 


4.5 

6.0 

mA 



8V < ViN < 25V 

8V < ViN < 25V 


Alec With line 

Over temp. 3 Iqut = 200mA 



0.8 



0.8 

mA 

Alec With load 

5mA < louT ^ 350mA 



0.5 



0.5 

mA 

Output noise voltage 

10Hz<f< 100kHz 


40 



40 


mV 

Voltage drift 

mV/IOOOhrs. 



20 



20 

mV 



8V<Vin<18V 

8V< ViN< 18V 


Ripple rejection 

Over temp.,3 f = 120Hz 

68 

80 


62 

80 


dB 

Dropout voltage 



2.0 



2.0 


V 

Isc 

ViN = 35V 


300 





mA 

Peak output current 






700 


mA 






VouT Output temperature drift 

•out = 5mA 



IHH 

WKm 


HHI 



NOTE 

3. -55°C < Tj < 150°C for 78MHV00 
0°C < Tj < 125°C for 78MHV00C 
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sjonotiBS 











mA78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 350mA, Cin = 0.33mF, Cout = O.VF, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78MHV063 

78MHV06C3 

UNIT 

Min 

Typ 

_ 

Max 


Typ 


VouT Output voltage 

Over temp., 3 5mA < Iqut ^ 350mA 

V|N = 11V 

5.75 I 6.0 I 6.25 
9V<Vin<21V 

5.7 1 1 6.3 

manning 

V 

V 

Line regulation 

louT = 200mA 

8V; 

9V! 

H 

>5V 

60 

20V 

30 

8V 

9V 

< ViN s 

5 

< V|N< 
1.5 

25V 

100 

25V 

50 

mV 

mV 

Load regulation 

5mA < louT ^ 500mA 

5mA < louT ^ 200mA 


20 

10 



20 

10 

120 

60 

mV 

mV 

Icc 



wm 

6.0 



8.0 

mA 

Alec With line 

Alec With load 

Over temp. ,3 Iqut = 200mA 
5mA < louT ^ 350mA I 







< < 
E E 

Output noise voltage 

10Hz<f< 100kHz I 

■im 

45 



45 

bh 

mV 

Voltage drift 

mV/IOOOhrs. 






24 

mV 

Ripple rejection 

Over temp.,3 f = 120Hz 

9V 

59 



9V 

59 

gggjlll 


dB 

Dropout voltage 



2.0 



2.0 


V 

I sc 

ViN = 35V 


270 



270 


mA 

Peak output current 



700 



700 


mA 

VouT Output temperature drift 

louT = 5mA 

WUmBm 


mV/°C 


NOTE 

3. -SS^C < Tj < 1 sox for 78MHVOO 
ox < Tj < 125X for 78MHV00C 


sjgnDtics 
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mA78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 350tnA, Cin = 0.33mF, Gout = O.ImF. Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78MHV083 

78MHV08C3 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Over temp.,3 5mA < Iqut < 350mA 

yiN = i4v 

7.7 1 8.0 1 8.3 

11.5V <ViN< 23V 

7.6 1_ 1 8.4 

V|N = 14V 

7.7 1 8.0 1 8.3 
10.5V < ViN < 23V 
7.6 1 t 8.4 

V 

V 

Line regulation 

•out = 200mA 

10.5> 

11V 

i/ < ViN = 
6 

<V|N< 

2 

$25V 

60 

20V 

30 

10.‘ 

in 

5 < V|N 5 
6 

^ < ViN 5 
2 

? 25V 
100 
^ 25V 

50 

mV 

mV 

Load regulation 

5mA < louT < 500mA 

5mA < louT ^ 200mA 


25 

10 

80 

40 


25 

10 

160 

80 

mV 

mV 

Icc 



■a 



4.6 


mA 

Alec With line 

Alec With load 

Over temp.,3 Iqut = 200mA 
5mA < Iqut ^ 350mA 


ssjillll 



mill 

a 


Output noise voltage 

10Hz<f< 100kHz 








Voltage drift 

mV/IOOOhrs. 



32 



32 

■■ilM 

Ripple rejection 

Over temp.,3 f = l20Hz 


||Q|S|||| 



IH9 


B 

Dropout voltage 






WESM 



Isc 

ViN = 35V 







BB 

Peak output current 



700 



700 


mA 

VouT Output temperature drift 

louT = 5mA 

0®C<Tj<150°C 
_ 1 1 

0°C<Tj<125'’C 

1 1 

mV/®C 


NOTE 

3. -55°C < Tj < 1 SOX for 78MHV00 
OX < Tj < 125X for 78MHV00C 
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mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour - 350mA, Cin = 0.33mF, Cout= O.ImF, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78MHV123 

78MHV12C3 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Over temp. ,3 5mA < Iqut ^ 350mA 

ViN = 19V 

11.5 1 12.0 1 12.5 
15.5V <ViN< 27V 
11.4 1 1 12.6 

ViN = 19 V 

11.5 1 12.0 1 12.5 

14.5V <ViN< 27V 
11.4 1 1 12.6 

V 

V 

Line regulation 

louT = 200mA 

14.5V <ViN< 30V 

14.5V <V|N< 30V 

1 1 





8 

60 


8 

100 

mV 



16V< Vin<25V 

16V< Vin<30V 





2 

30 


2 

50 

mV 

Load regulation 

5mA < louT ^ 500mA 


25 

120 


25 

240 

mV 


5mA < louT ^ 200mA 


10 

60 


10 

120 

mV 

Icc 



4.8 

6.0 


4.8 

6.0 

mA 



15V< Vin<30V 

14.5V <V|N< 30V 


Alee With line 

Over temp. ,3 Iqut = 200mA 



0.8 



0.8 

mA 

Alee With load 

5mA < Iqut ^ 350mA 



0.5 



0.5 

mA 

Output noise voltage 

10Hz<f< 100kHz 


75 



75 


mV 

Voltage drift 

i 

mV/IOOOhrs. 



48 



48 

mV 

-1 


15V< Vin<25V 

15V< Vin<25V 


Ripple rejection 

Over temp. ,3 f = 120Hz 

55 

80 


55 

80 


dB 

Dropout voltage 



2.0 



2.0 


V 

Isc ’ 

ViN = 35V 


240 



240 


mA 

Peak output current 



700 



700 


mA 



0®C<Tj<150®C 

0°C<Tj<125°C 


VouT Output temperature drift 

louT = 5mA 



__ 


-1.0 


mV/^C 


NOTE 

3. -55°C < Tj < 150°C for 78MHV00 
0°C < Tj < 125°C for 78MHVOOC 


BfonDtics 
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(uA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont'd) lour = 350mA, Cin = 0.33mF, Cout = O.ImF, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78MHV153 

____:_ 

78MHV15C3 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Over temp.,3 5mA < Iqut ^ 350mA 

ViN = 23V 

14.4 1 15.0 1 15.6 
18.5V <ViN< 30V 
14.25 1 1 15.75 

ViN = 23V 

14.4 1 15.0 1 15.6 
17.5V <ViN< 30V 
14.251 1 15.75 

V 

V 

Line regulation 

louT = 200mA 

17.5\ 

20V 

^ < ViN < 
10 

< V|N< 
3 

= 30V 

60 

30V 

30 

17.5 

20V 

V < V|N ! 
10 

ViN < 
3 

^30V 
100 
30V 
_ 50 

mV 

mV 

Load regulation 

5mA < louT ^ 500mA 

5mA < louT ^ 200mA 


25 

10 

150 

75 


25 

10 

150 

75 

mV 

mV 

Icc 



4.8 

6.0 


4.8 

6.0 

mA 

Alec With line 

Alec With load 

Over temp.,3 Iqut = 200mA 
5mA < Iqut ^ 350mA 

18.5> 

/ < ViN 2 

^ 30V 

0.8 

0.5 

17.5^ 

7 < ViN ^ 

S30V 

0.8 

0.5 

< < 
E E 

Output noise voltage 

10Hz<f< 100kHz 


90 



90 


mV 

Voltage drift 

mV/IOOOhrs. 



60 



60 

mV 

Ripple rejection 

Over temp.,3 f = l20Hz 

18.5 V 
54 

<V|N< 

70 

28.5V 

18.5V 

54 

VI 

> 

VI 

28.5V 

dB 

Dropout voltage 



2.0 



2.0 


V 

Isc 

ViN = 35V 


240 



240 


mA 

Peak output current 



700 



700 


mA 

VouT Output temperature drift 

Iqut = 5mA 

0‘’C<Tj<150°C 

_LJiLJ_ 

0°C<Tj<125°C 

1 -i-o 1 

mV/°C 


NOTE 

3. -55°C<Tj<150°Cfor78MHV00 
0°C < Tj < 125°C for 78MHV00C 
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mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont'd) Iout = 350mA, Cin = o,33mF, Cqut = O.ImF, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78MHV203 

78MHV20C3 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 




ViN = 29V 

ViN = 29V 


VouT Output voltage 


19.2 

20 

20.8 

19.2 

20 

20.8 

V 



24V < ViN < 35V 

23V < ViN < 35V 



Over temp. ,3 5mA < Iqut < 350mA 

19 


121 

19 

_J 

21 

V 



23V < ViN <■ 35V 

23V < ViN < 35V 


Line regulation 

louT = 200mA 


10 

60 


10 

100 

mV 



24V < ViN < 35V 

24V < ViN < 35V 





5 

30 


5 

50 

mV 

Load regulation 

5mA < louT ^ 500mA 


30 

200 


30 

400 

mV 


5mA < louT ^ 200mA 


10 

100 


10 

200 

mV 

Icc 



4.9 

6.0 


4.9 

6.0 

mA 


. ■ ■■• . i 

24V < ViN < 35V 

23V < ViN < 35V 


Alee With line 

Over temp. ,3 Iqut = 200mA 



0.8 



0.8 

mA 

Alee With load 

5mA < louT ^ 350mA 



0.5 



0.5 

mA 

Output noise voltage 

10Hz<f< 100kHz 


110 



110 


mV 

Voltage drift 

mV/IOOOhrs. 



80 



80 

mV 


■| 

24V < ViN < 34V 

24V < ViN < 34V 


Ripple rejection 

Over ternp.,3f = i20Hz 

53 

70 


53 

70 


dB 

Dropout voltage 



2.0 



2.0 


V 

Ise 

ViN = 35V 


240 



240 


mA 

Peak output current 



700 



700 


mA 



O 

o 

O 

<Tj < ■ 

O 

o 

O 

0®C<Tj< 125®C 


VouT Output temperature drift 

Iqut = 5mA 



_ 

,_1 


_ 

mV/°C 


NOTE 

3. -55°C<Tj<150*Cfor78MHV00 
O^C < Tj < 125®C for 78MHVOOC 


sjgnDtics 
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mA78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 350mA, Cin = O.SSjiF. Gout = 0.1 ^F, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

78MHV243 

78MHV24C3 

UNiT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Over temp. ,3 5mA < Iqut < 350mA 

Vin = 33V 

23.0 I 24.0 I 25.0 
28V < ViN < 38V 
22.8 I I 25.2 

ViN = 33V 

23.0 1 24.0 1 25.0 

27V < ViN £ 38V 
22.8 1 1 25.2 

V 

V 



27V < ViN < 38V 

27V < ViN < 38V 


Line regulation 

louT = 200mA 


10 

60 


10 

100 

mV 



30V < ViN < 36V 

28V < ViN < 38V 





5 

30 


5 

50 

mV 

Load regulation 

5mA < loUT 500mA 


30 

240 


30 

480 

mV 


5mA < louT ^ 200mA 


10 

120 


10 

240 

mV 

Icc 



5 

6.0 


5 

6.0 

mA 



28V < ViN < 38V 

27V < ViN < 38V 


Alec With line 

Over temp. ,3 Iqut = 200mA 



0.8 



0.8 

mA 

Alec With load 

5mA < louT < 350mA 



0.5 



0.5 

mA 

Output noise voltage 

10Hz<f< 100kHz 


170 



170 


AtV 

Voltage drift 

mV/IOOOhrs. 



96 



96 

mV 






Ripple rejection 

Over temp. ,3 f = 120Hz 








Dropout voltage 



2.0 



2.0 


V 

Isc 

ViN = 35V 


240 



240 


mA 

Peak output current 



700 



700 


mA 



0°C<Tj< 150°C 

0°C<Tj<125°C 


VouT Output temperature drift 

louT = 5mA 


-1.2 



-1.2 


mV/°C 


NOTE 

3. -55°C < Tj < 150°C for 78MHV00 
0°C < Tj < 125°C for 78MHV00C 



































)uA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 350mA. Cin = 0.33/uF, Cout = 0.VF, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SA78MHV05C4 

SA78MHV06C4 

UNiT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VouT Output voltage 

Over temp.,4 5mA < lour ^ 350mA 

ViN = 10V 

4.8 I 5.0 I 5.2 

7V < ViN < 25V 

4.7 I I 5.3 

V|N = 11V 

5.75 1 6.0 1 6.25 

8.0V < ViN < 21V 

5.7 1 1 6.3 

V 

V 



7V < ViN < 25V 

8V < ViN < 25V 


Line regulation 

louT = 200mA 


3 

100 


5 

100 

mV 



8V < ViN < 25V 

9V < ViN < 25V 




_I 

1 

50 


1.5 

50 

mV 

Load regulation 

5mA < louT ^ 500mA 

HjjjjH 

20 

100 


20 

120 

mV 


5mA < louT ^ 200mA 


10 

50 


10 

60 

mV 

Icc 



KOI 




8.0 

mA 






Alec With line 

Over temp.,4 Iqut = 200mA 







mA 

Alec With load 

5mA < louT < 350mA 

mm 



m 



mA 

Output noise voltage 

10Hz<f < 100kHz 


40 



45 


mV 

Voltage drift 

mV/IOOOhrs. 



20 



MM 

mV 



8V< ViN < 18V 



Ripple rejection 

Over temp.,4 f = 120Hz 

62 

80 


59 



dB 

Dropout voltage 



2.0 



2.0 


V 

Isc 

ViN = 35V 


300 



270 


mA 

Peak output current 



700 



700 


mA 


0X<Tj<125°C, 



■■III 





VouT Output temperature drift 

louT = 5mA 

■1 

-1.0 

_ 

■ 

■1 

-0.5 

jm 

mV/^C 


NOTE 

4. -40®C < Tj < +125‘>C for SA78MHVOOC 


signDtics 


219 










































































mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 350mA, Cin = 0.33mF, Gout = 0.1mF, Tj = 25’‘C 

unless otherwise specified. 


PARAMETER 

’ 

TEST CONDITIONS 

SA78MHV08C4 

SA78MHV12C4 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 


■ ^ ■ 

Vin = 14V 

Vin = 19V 


VouT Output voltage 


7.7 

8.0 

8.3 

11.5 

12.0 

12.5 




10.5V <ViN< 23V 

14.5V <ViN< 27V 




_L6J 

L_1 

8.4 

11.4 

_1 

12.6 




10.5V <ViN< 25V 

14.5V <ViN< 30V 


Line regulation 

louT = 200mA 


6 

100 


8 

100 

mV 



11V< Vin<25V 

16V< Vin<30V 





2 

50 


.2 

50 _ 

mV 

Load regulation 

5mA < louT ^ 500mA 


25 

160 



BB 

mV 


5mA < louT ^ 200mA 


10 

80 




mV 

Icc 



BS 

8.0 




mA 






Alec With line 

Over temp. ,4 Iqut = 200mA 





0.6 


mA 

Alec With load 

5mA < louT ^ 350mA 



Bill 

bh 

0.3 


mA 

Output noise voltage 

10Hz<f< 100kHz 


52 



75 


mV 

Voltage drift 

mV/IOOOhrs. 



32 



48 

mV 



11.5V< ViN < 21.5V 

15V<Vin<25V 


Ripple rejection 

Over temp.,4 f = 120Hz 

56 

80 


55 

80 


dB 

Dropout voltage 






2.0 


V 

Isc 

ViN = 35 V 


250 



240 


mA 

Peak output current 



700 



700 


mA 

VouT Output temperature drift 

0°C < Tj < +125°C, louT = 5mA 


-0.5 





mV/°C 


NOTE 

4. -40“C<Tj<+125°CforSA78MHV00C 
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mA78HVOO/SA78HVOO/78MHVOO/78MHVOOC-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont'd) lour = 350mA, Gin = 0.33mF, Gout = O.VF, Tj = 25‘'G 

unless otherwise specified. 


PARAMETER 

TEST CONDmONS 

SA78MHV15C4 

SA78MHV20C4 

UNIT 






Max 



ViN = 23V 



VouT Output voltage 


14.4 

15.0 

15.6 


20 1 20.8 




17.5V <ViN< 30V 




Over temp. ,4 5mA < Iqut < 350mA 

14.25 

1 

15.75 


_1 


■1 




23V < ViN < 35V 


Line regulation 

louT = 200mA 


10 

100 


10 

100 

mV 



20V < ViN < 30V 

24V < ViN < 35V 





3 

50 


5 

50 

mV 

Load regulation 

5mA < louT ^ 500mA 


25 

150 


30 

400 

mV 


5mA < louT ^ 200mA 


10 

75 


10 

200 

mV 

Icc 




8.0 


mm 


mA 




23V < ViN < 35V 


Alec With line 

Over temp.,4 Iqut = 200mA 





0.6 


mA 

Alec With load 

5mA < louT ^ 350mA 


0.3 



0.3 


mA 

Output noise voltage 

10Hz<f< 100kHz 


90 



110 


mV 

Voltage drift 

mV/IOOOhrs. 



60 



80 

mV 






Ripple rejection 

Over temp. 4 f = 120Hz 

54 

70 





dB 

Dropout voltage 






2.0 


V 

Isc 

ViN = 35 V 


240 





mA 

Peak output current 



700 





mA 

VouT Output temperature drift 

0°C < Tj < +125®C, louT = 5mA 


——-— 

-1.0 





mV/°C 


NOTE 

4. -40'*C<Tj<+125°CforSA78MHV00C 


SjQnDtiCS 
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mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) lour = 350mA, Cin = 0.33mF, Cout = O.^F, Tj = 25°C 

unless otherwise specified. 


PARAMETER 

— 

TEST CONDITIONS 


UNIT 

Min 

Typ 




ViN = 33V 


VouT Output voltage 


23.0 1 24.0 

25.0 

V 



27V < ViN < 38V 



Over temp.,4 5mA < louT ^ 350mA 

22.8 

_1 

[25,2_ 

V 



27V < ViN < 38V 


Line regulation 

•out = 200mA 


10 

100 




30V < ViN < 38V 





5 

50 


Load regulation 

5mA < louT ^ 500mA 


30 

480 



5mA < louT ^ 200mA 


10 

240 


Icc 



5 

7 

mA 



27V < ViN < 38V 


Alec With line 

Over temp. 4 Iqut = 200mA 


0.6 


mA 

Alec With load 

5mA < louT ^ 350mA 


0.3 


mA 

Output noise voltage 

10Hz<f< 100kHz 


170 


mV 

Voltage drift 

mV/IOOOhrs. 



96 

mV 





Ripple rejection 

Over temp. 4 f = 120Hz 




dB 

Dropout voltage 



2.0 


V 

Isc 

ViN = 35V 


240 


mA 

Peak output current 



700 


mA 

VouT Output temperature drift 

0°C < Tj < +125°C, loUT = 5mA 


-1.2 

_ 

mV/°C 


NOTE 

4. -40°C<Tj <+125^0 for SA78MHV00C 
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/uA78HV00/SA78HV00/78l\/IHV00/78MHV00C-DA,DB,U 


TYPICAL PERFORMANCE CHARACTERISTICS 78HV00 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-220, 7800C) 



50 25 100 125 

AMBIENT TEMPERATURE-” C 


RIPPLE REJECTION 
AS A FUNCTION OF FREQUENCY 



II 





■ 



■ 




Ij 





■ 



■ 




■i 






■ 

■ 






II 










!i 


II 












II 












II 











Vi 

rr 

rr^ 
= 8 

n 

Vto 

m 

18V 








VquT = 5'' 

• *OUT “ 500mA 

Tj = 25° C 

t ill !_L_U 
















100 Ikn lOkll 

FREQUENCY-Hz 


CURRENT LIMITING 
CHARACTERISTICS 



DROPOUT VOLTAGE AS A FUNCTION 
OF JUNCTION TEMPERATURE 



-75 - 50 - 25 0 25 50 75 100 125 150 175 

JUNCTION TEMPERATURE— °C 


OUTPUT VOLTAGE AS A FUNCTION 
OF JUNCTION TEMPERATURE 



.0 -25 0 25 50 75 100 125 150 175 

JUNCTION TEMPERATURE— °C 


LOAD TRANSIENT 
RESPONSE 


—1—1— 
V,N = 10V 










Vc 

JUT 

= 5 

V 












LC 

>AD 

cu 

IRE 

^T 








I 
















i 



















0 

UTF 

D 

►UT 

EVIi 

VOL 

ATIC 

TAG 

IN 

!E -1 








J 










_ 












d 























J 

j 

J 







PEAK OUTPUT CURRENT 
AS A FUNCTION OF INPUT/OUTPUT 
DIFFERENTIAL VOLTAGE 



INPUT-OUTPUT DIFFERENTIAL—V 


DROPOUT CHARACTERISTICS 



INPUT VOLTAGE-V 


LINE TRANSIENT 
RESPONSE 






r 

rr 



[~ 






lA 

_ 

PU- 

VO 

.TA 

3E 













L 




— 








L 






























J 

h 

ITP 



AGI 

M 








L 

DEVIATIO 








r 





















1 1 OUT ~ 








1 5V 
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INPUT-OUTPUT DIFFERENTIAL- 



mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO 3, 78HV00) 


MAXIMUM AVERAGE POWER QUIESCENT CURRENT 

DISSIPATION AS A FUNCTION OF AS A FUNCTION OF INPUT VOLTAGE 
AMBIENT TEMPERATURE 
(TO-3, 78HV00C, SA78HV00C) 




25 50 75 100 125 150 

AMBIENT TEMPERATURE -°C 



QUIESCENT CURRENT 
AS A FUNCTION OF TEMPERATURE 


OUTPUT IMPEDANCE 
AS A FUNCTION OF FREQUENCY 



MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERAMENT 
(TO-220, 78M00C) 



AMBIENT TEMPERATURE-°C 


DROPOUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 150 175 

JUNCTION TEMPERATURE -°C 


78MHV 

PEAK OUTPUT CURRENT 
AS A FUNCTION OF INPUT/OUTPUT 
DIFFERENTIAL VOLTAGE 



0 5 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL - V 


OUTPUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 



-75 -50-25 0 25 50 75 100 125 150 175 

JUNCTION TEMPERATURE-°C 
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mA78HV00/SA78HV00/78MHV00/78MHV00C-DA,DB,U 


DROPOUT CHARACTERISTICS 


78MHV 

LOAD TRANSIENT 
RESPONSE 


LINE TRANSIENT 
RESPONSE 



OUTPUT VOLTAGE-V 


TIME-MS 


TIME -MS 


QUIESCENT CURRENT 
AS A FUNCTION OF 
TEMPERATURE 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-39, 78M00C) 


MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-39, 78M00) 



-75 -50 -25 0 25 50 75 100 125 150 175 


AMBIENT TEMPERATURE - ° C 



25 50 75 100 125 150 

AMBIENT TEMPERATURE -°C 



AMBIENT TEMPERATURE -°C 


BjgnDtics 
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mA78MG/78MGC,mA79MG/79MGC-H,V1 


DESCRIPTION PIN CONFIGURATIONS 

The /iA78MG and mA 79MG are 4-Terminal 
Adjustable Voltage Regulators. They are 
designed to deliver continuous load cur¬ 
rents of up to 500mA with a maximum input 
voltage of 40V for the positive regulator 
78MG and -40V for the negative regulator 
79MG. Output current capability can be 
increased to greater than 10A through use 
of one or more external transistors. The 
output voltage range of the 78MG positive 
voltage regulator is5Vto 30V and the output 
voltage range of the negative 79MG is -30V 
to -2.2V. For systems requiring both a posi¬ 
tive and negative, the 78MG and 79MG are 
excellent for use as a dual tracking regula¬ 
tor. 


FEATURES 

• Output current in excess of 0.5A 

• )uA78MG positive output voltage 5 to 30V 

• juA79MG negative output voltage -30V to 
-2.2V 

• Internal thermal overload protection 

• Internal short circuit current protection 

• Output transistor safe area protection 


U1 PACKAGE 
Power Tab 


o 


COMMON t 

ORDER INFORMATION 
TYPE PART NO. 

mA78MGC mA78MGCU1 


o 


^ 4 

INPUT 



_ OUTPUT 

3 

-N-, 


_^ CONTROL 

2 


_^ COMMON 

1 




INPUTtt 

ORDER INFORMATION 
TYPE PART NO. 

/iA79MG mA79MGCU1 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Input voltage 



mA78MG, mA78MGC 

40 

V 

mA79MG, mA79MGC 

-40 

V 

Control pin voltage 



mA78MG, mA78MGC 

0 < V < VoUT 


mA79MG, mA79MGC 

-VoUT < -V < 0 


Power dissipation 

Internally limited 


Operating junction temperature range 



Military (mA78MG, /iA79MG) 

-55 to 150 

°c 

Commercial (juA78MGC, )uA79MGC) 

0 to 150 

°c 

Storage temperature range 



H 

-65 to +150 

°c 

U1 

-55 to +150 

°c 

Lead temperature 



U1 (soldering, 10s) 

230 

°c 

H (soldering, 60s) 

300 

°c 
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78MG EQUIVALENT CIRCUIT 



Resistor values in fl unless otherwise noted. 


79MG EQUIVALENT CIRCUIT 



Resistor values in n unless otherwise noted. 


MA78MG/78MGC,f(A79MG/79MGC-H,V1 
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mA78MG/78MGC,mA79MG/79MGC-H,V1 

DC ELECTRICAL CHARACTERISTICS O'C < Tj < 125°C for mA78MGC, -55°C < Tj < 150»C 

for ;uA78MG, Vin = 10V, louT = 350mA unless otherwise specified.1,2 


PARAMETER 

TEST CONDITIONS1 

mA78MG 

BB 

Mm 

Typ 


Input voltage range 

Tj = 25® C 

mm 



■■ 

Output voltage range 

V|N = VouT + 5V 

5.0 


30 

V 

Output voltage tolerance 

VouT+3V < Vin s VouT + 1 5V, Tj=25° G 



4.0 

%(Vout) 


6mA < louT 2 350mA 



5.0 

%(Vout) 


Pd S 5W. Vinmax = 38V 





Line regulation 







(VouT + 2.5V) < Vin < (VouT + 20V) 




%(Vout) 


Tj = 25® C, louT = 200mA, VouT ^ 10V 






(VouT + 3V) ^ Vin < (Vout + 15V) 




%(Vout) 


(VouT + 3V) < Vin < (Vout + 7V) 

im 

HHi 

WB 

%(Vout) 

Load regulation 

Tj = 25®C 



1.0 

%(Vout) 


5mA < louT ^ 500mA, Vin - VouT + 7V 





Control pin current 

f j = 25°C 











Quiescent current 

Tj = 25®C 


2.8 









Ripple rejection 

8 V < Vin < 18V 1 OUT = 300mA, T j = 25® C 

62 

80 


dB 


Vout = 5V,f = 120Hz Iout = 100mA 

62 



dB 

Output noise voltage 

10Hz < f < 100kHz, Vout = 5V 




mV 

Dropout voltage2 

mA78MG 




V 


/UA78MGC 



wm 


Short circuit current 

Vin = 35V, Tj = 25° C 




mA 

Peak output current 

Tj = 25° C 


HI 


mA 

Average temperature coefficient 

Vout = 5V 


-0.5 



of output voltage 

louT = 5mA 





Control pin voltage 

Tj = 25®C 

4.8 

5.0 

5.2 

V 

(reference) 


4.75 


5.25 

V 


NOTES 

R1 -I- R9 R1 ^■R2 

1. VouT is defined forthe78MGC as VouT=-^^-^-^^^(5.0):The79MGCasVouT=--—(-2.23). 

R2 

2. Dropout voltage is defined as that input-output voltage differential which causes the 
output voltage to decrease by 5% of its initial value. 
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)uA78MG/78MGC,AtA79MG/79MGC-H,V1 


DC ELECTRICAL CHARACTERISTICS < Tj < 125°C for mA79MGC, -55°C < Tj < 150°C 

for mA79MG Vin = -10V )uA79MG louT = 350mA, 
unless otherwise specified.* 


PARAMETER 

TEST CONDITIONSi 

/uA79MG 


Min 

Typ 

Max 




Input voltage range 

Tj = 25®C 

-40 


-7.0 


Output voltage range 

ViN = VoUT - 5V 

-30 


-2.23 

V 

Output voltage tolerance 

VouT -15V < Vin < Vout - 3V, T j = 25° C 



4.0 

%(Vout) 


5mA < louT ^ 350mA 

Pd < 5W, Vin (MAX) = -38V 



5.0 

%(Vout) 

Line regulation 

Tj = 25° C, loUT = 200mA, VouT > -1OV 
(Vout - 20V) < Vin ^ (Vout - 2.5V) 

Tj = 25° C. loUT = 200mA, VoUT < -1 OV 



1.0 

%(Vout) 


(Vout - 15V) < Vin ^ (Vout - 3V) 



0.75 

%(Vout) 


(Vout - 7V) < Vin < (Vout - 3V) 



0.67 

%(Vout) 

Load regulation 

Vin = Vout - 7V, 5mA < Iout 500mA 



1.0 

%(Vout) 


Tj = 25° C 





Control pin current 

Tj = 25°C 



3.0 

mA 





2.0 

mA 

Quiescent current 

Tj = 25°C 


0.5 









Ripple rejection 

-18V<Vin<-8V Tj = 25°C, loUT = 300mA 

54 



dB 


Vout = -5V, f=120Hz 1 out = 100mA 

50 



dB 

Output noise voltage 

10Hz < f < 100kHz, Vout = -SV 


125 



Dropout voltages 

mA79MG 



IN 



mA79MGC 




liiBfll 

Short circuit current 

Vin = -35V 


500 

■nn 

BSI 

Peak output current 



650 



Average temperature coefficient 

Vout = -5V 



■■ 

mV/°C 

of output voltage 

louT = 5mA 





Control pin voltage 

Tj = 25°C 




V 

(reference) 




mo 

V 


‘NOTE 

The convention for Negative Regulators is the Algebraic value, thus -15 is less than-10V. 


TYPICAL PERFORMANCE CHARACTERISTICS FOR mA78MG 
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OUTPUT VOLTAGE DEVIATION—mV 


/xA78MG/78MGC,iiLA79MG/79MGC-H,V1 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


DIFFERENTIAL CONTROL 
VOLTAGE AS A FUNCTION OF 
INPUT VOLTAGE 



5 10 15 20 25 30 

INPUT VOLTAGE-V 


DIFFERENTIAL CONTROL 
VOLTAGE AS A FUNCTION OF 
OUTPUT CURRENT 



200 400 600 800 1000 

OUTPUT CURRENT-mA 


RIPPLE REJECTION AS 
A FUNCTION OF 
OUTPUT VOLTAGE 



0 5 10 15 20 25 30 

OUTPUT VOLTAGE - V 


DROPOUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 



0 25 50 75 100 125 150 


JUNCTION TEMPERATURE - °C 


RIPPLE REJECTION AS A LOAD TRANSIENT RESPONSE 

FUNCTION OF FREQUENCY 




LINE TRANSIENT RESPONSE PEAK OUTPUT CURRENT AS 
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/uA78MG/78MGC,/uA79MG/79MGC-H,V1 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



signotics 
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AiA79M00-DB,U 


DESCRIPTION 

The ^iA79M00 series of monolithic Three 
Terminal Negative Regulators employs in¬ 
ternal current limiting, thermal shutdown, 
and safe-area compensation making them 
essentially indestructable. If adequate heat 
sinking is provided they can deliver over 
500mA output current. They are intended as 
fixed voltage regulators, but used uith exter¬ 
nal components, can provide adjustable 
output voltages and currents. 


FEATURES 

• Output current up to 500mA 

• No external components 

• Internal thermal overload protection 

• Internal short circuit current limiting 

• Output transistor safe-area compensa¬ 
tion 

• Available in the TO-220 and the TO-39 
package 

• Output voltages of -5, -5.2, -6, -8, -12, 
-15, -18 and -24 volts 

• Mil std 883B pending 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Input voltage 



(-5V through -15V)1 

-35 

V 

{-20V, -24V) 

-40 

V 

Internal power dissipation 

Internally limited 


Storage temperature range 



TO-39 

-65 to +150 

°c 

TO-220 

-55 to +125 

°c 

Operating junction temperature ranges 



79MOO 

-55 to +150 


79MOOC 

0 to +125 

°c 

Lead temperature 



TO-39 package 



(soldering, 60sec) 

300 


TO-220 package 



(soldering, 10 sec) 

230 

°c 


NOTES 


1. Thermal resistance of the packages (without a heat sink) 

Junction to case: TO-220 Package 2®C/W TO-39 Package 20°C/W. 
Junction to ambient; TO-220 Package 50°C/W TO-39 Package 170°C/W. 

2. Operating ambient temperature range 

-55®Cto +125°0 
0°C to +85® C 


PIN CONFIGURATIONS 


U PACKAGE (TO-220) 




^ OUTPUT (2) 

COMMON (3) 


ORDER INFORMATION 

OUTPUT 

ORDER 

VOLTAGE 

PART NO. 

-5V 

79M05 CU 

-5.2V 

79M05.2 CU 

-6V 

79M06 CU 

-8V 

79M08 CU 

-12V 

79M12 CU 

-15V 

79M15 CU 

-18V 

79M18 CU 

-24V 

79M24 CU 


DB PACKAGE (TO-39) 



OUTPUT 

ORDER 

VOLTAGE 

PART NO. 

-5V 

79M05 DB 

-6.2V 

79M05.2 DB 

-6V 

79M06 DB 

-8V 

79M08 DB 

-12V 

79M12 DB 

-15V 

79M15 DB 

-18V 

79M18 DB 

-24V 

79M24 DB 

-5V 

79M05 CDB 

-5.2V 

79M05.2 CDB 

-6V 

79M06 CDB 

-8V 

79M08 CDB 

-12V 

79M12 CDB 

-15V 

79M15 CDB 

-18V 

79M18 CDB 

-24V 

79M24 CDB 
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EQUIVALENT CIRCUIT 



Resistor values in kn unless otherwise noted. 


^A79M00-DB,U 


COMMON 












/xA79M00-DB,U 


DC ELECTRICAL CHARACTERISTICS Iout = 350mA, Tj = 25°C Cm = 2mF, Gout = VF, 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

79M05 

79M05C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



> 

o 

I 

II 

z 

> 

ViN = -10V 


VouT Output voltage 


-5.2 

-5.0 

-4.8 

-5.2 

1 -5.0 

-4.8 

V 



-25V < ViN < -7V 

-25V < ViN < -7V 



5mA < louT ^ 350mA, Pd ^ 4W, over temp.* 

-5,25j_ I 

-4.75 

-5-25 

_1 

-4.75 

V 



-25V < ViN < -7V 

-25V < ViN 

^-7V 


Line regulation 



7.0 

50 


7.0 

50 

mV 



-18V< ViN^ 

= -8V 

-18V< ViN* 

^-8V 





3.0 

30 


3.0 

30 

mV 

Load regulation 

5mA < louT < 500mA 


75 

100 


75 

100 

mV 


5mA < louT ^ 350mA 


50 



50 


mV 

Icc 



1.0 

2.0 


1.0 

2.0 

mA 



-25V < ViN 5 

^-8V 

-25V < ViN 

< -8V 


Alee 

With line 



0.4 



0.4 

mA 

Alee 

With load, 5mA < lour ^ 350mA 



0.4 



0.4 

mA 

Output noise voltage 

10Hz<f <100KHz 


125 


125 



mV 



-18V< ViNf 

S-8V 

-18V< ViN 

< -8V 


Ripple rejection 

f = 120Hz louT = 100mA, over temp.* 

50 



50 



dB 

Dropout voltage 



1.1 



1.1 


V 

Peak output current 



650 



650 



Average temperature co¬ 

Iout = 5mA 


-0.4 



-0.4 

■1 

mV/°C 

efficient of output voltage 







■ 


Isc 

ViN = -30V 


140 



140 


mA 


DC ELECTRICAL CHARACTERISTICS (Contd) 


PARAMETER 

TEST CONDITIONS 

79M05.2 

79M05.2C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



ViN = -10V 

ViN = -10V 

■■ 

VouT Output voltage 


-5.0 

-5.2 1 

-5.4 

-5.0 

-5.2 

-5.4 




-25V < ViN < -7V 

-25V < ViN f 

5-7V 



5mA < Iout ^ 350mA, Pd ^4W, over tempr 

-5.45 


-4.95 

-5.00 


-5.4 

Hi 



-25V < ViN < 

:-7V 

-25V < ViN < 

-7V 


Line regulation 



7.0 / 50 


7.0 

50 

mV 



-18V< Vin<-8V 

-18V < ViN 

^-8V 





3.0 

30 

_1 

3.0 

30 

mV 

Load regulation 

5mA < Iout ^ 500mA 


75 

100 






5mA < Iout < 350mA 


52 


HU 




lec 



1.0 

2.0 







-25V < ViN f 

= -8V 

-25V < ViN 

<-8V 


Alee 

With line 



0.4 



0.4 

mA 

Alee 

With load, 5mA < Iout ^ 350mA 



0.4 



0.4 

mA 

Output noise voltage 

10Hz<f <100KHz 


125 





— 



-18V< ViNf 

S-8V 



Hi 

Ripple rejection 

f = 120Hz Iout = 100mA, over temp.* 

50 





nn 


Dropout voltage 



1.1 



1.1 


mm 

Peak output current 



650 






Average temperature co¬ 

Iout = 5mA 


-0.4 



-0.4 


mV/°C 

efficient of output voltage 









Isc 

ViN = -30V 


140 



140 


mA 


‘NOTE 

-55° C < Tj < +150°C for 79M00 
0°C < Tj < +125°C for 79M00C 
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mA79M00-DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) louT = 350mA, Tj = 25° C, Cin = 2/uF, CouT = 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

79M06 

79M06C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



V|N = -11 

V 

V|N = -11V 


VouT Output voltage 


-6.25 

-6.0 

-5.75 

-6.25 

-6.0 

-5.75 

V 



-25V < ViN f 

^ -8V 

-25V < ViN 

-8V 



5mA < louT ^ 350mA, Pp < 4W, over temp.* 

-6.3 


-5.7 

-6.3 J 


-5.7 

V 



-25V < ViN 5 

^-7V 

-25V < ViN 

^ -7V 


Line regulation 



7.0 

60 


7.0 

60 

mV 



-19V< Vin5 

^-9V 

-19V< ViN 

^-9V 





3.0 

40 


3.0 

40 

mV 

Load regulation 

5mA < louT < 500mA 


80 

120 


80 

120 

mV 


5mA < OUT < 350mA 


55 



55 


mV 

Icc 



1.0 

2.0 


1.0 

2.0 

mA 



-25V < ViN < 

^ -9V 

-25V < ViN < 

^-9V 


Alec 

With line 



0.4 



0.4 

mA 

Alec 

With load, 5mA < louT ^ 350mA j 



0.4 



0.4 

mA 

Output noise voltage 

10Hz<f < 100KHZ 


150 



150 


mV 



-19V<Vin< 

^ -9V 

-19V < ViN f 

^-9V 


Ripple rejection 

f = 120Hz louT = 100mA, over temp.* 

50 



50 



dB 

Dropout voltage 



1.1 



1.1 


V 

Peak output current 



650 



650 


mA 

Average temperature co¬ 

louT = 5mA 


-0.4 



-0.4 


mV/°C 

efficient of output voltage 









Isc 

ViN = -30V 


140 



140 


mA 


DC ELECTRICAL CHARACTERISTICS (Contd) 


PARAMETER 

TEST CONDITIONS 

79M08 

79M08C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



V|N = -1^ 

iV 

< 

z 

II 

1 

< 


VouT Output voltage 


-8.3 

-8.0 

-7.7 

-8.3 

-8.0 


V 



-25V < ViN < 

-10.5V 

-25V < ViN < 

-10.5V 



5mA < louT ^ 350mA, Pp ^ 4W, over temp.* 

-8.4 


-7.6 

-8.4 


7.6 

V 



-25V < ViN < 

-10.5V 

-25V'< V(N< 

-10.5V 


Line regulation 



8.0 

80 


8.0 

80 

mV 



-21V< ViN< 

-11V 

-21V< ViNS 

:-11V 





4.0 

50 


4.0 

50 

mV 

Load regulation 

5mA < louT < 500mA 


90 

160 


90 

160 

mV 


5mA < louT < 350mA 


60 



60 


mV 

Ice 



1.0 

2.0 


1.0 

2.0 

mA 



-25V! 

^ ViN < 

-10.5V 

-25V 

< ViN < 

-10.5V 


Alec 

With line 



0.4 



0.4 

mA 

Alec 

With load, 5mA < Iqut < 350mA 



0.4 



0.4 

mA 

Output noise voltage 

10Hz<f <100KHz 


200 



200 


mV 



-21.5V <ViN< 

-11.5V 

-21.5V< ViN < 

-11.5V 


Ripple rejection 

f = 120Hz louT = 100mA, over temp.* 

50 



50 



dB 

Dropout voltage 



1.1 



1.1 


V 

Peak output current 



650 



650 


mA 

Average temperature co¬ 

louT = 5mA 


-0.6 



-0.6 


mV/°C 

efficient of output voltage 









Isc 

ViN = -30 V 


140 



140 


mA 


*NOTE 

-55° C < Tj < +150°C for 79M00 
0°C < Tj < +125°C for 79M00C 
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mA79M00-DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) louT = 350mA, Tj = 25° C, Cin = 2/iF, CouT = 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

79M12 

79M12C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



Vin = -19V 

ViN = -19V 


VouT Output voltage 


-12.5 

-12 

-11.5 

-12.5 

-12 

-11.5 

V 



-30V < ViN < 

-14.5V 

-30V < ViN < 

-14.5V 



5mA < louT ^ 350mA, Pd ^ 4W, over temp.* 

-12.6 


-11.4 

-12.6 


-11.4 

V 



-30V < ViN < 

-14.5V 

-30V < ViN < 

-14.5V 


Line regulation 



9.0 

80 


9.0 

80 

mV 



-25V < ViN < 

-15V 

-25V < ViN < 

-15V 





5.0 

50 


5.0 

• 50 

mV 

Load regulation 

5mA < louT < 500mA 


65 

240 


65 

240 

mV 


5mA < louT < 350mA 


45 



45 


mV 

Icc 



1.5 

3.0 


1.5 

3.0 

mA 



-30V < ViN < 

-14.5V 

-30V < ViN < 

-14.5V 


Alec 

With line 



0.4 



0.4 

mA 

Alec 

With load, 5mA < louT ^ 350mA 



0.4 



0.4 

mA 

Output noise voltage 

10Hz< f < 100KHZ 


300 



300 


mV 



-28.5V < ViN < 

-18.5V 

-28.5V < ViN < 

:-18.5V 


Ripple rejection 

f = 120H2 louT = 100mA, over temp.* 

50 



50 



dB 

Dropout voltage 



1.1 



1.1 


V 

Peak output current 



650 



650 


mA 

Average temperature co¬ 

louT = 5mA 


-0.8 



-0.8 


mV/°C 

efficient of output voltagej 









Isc 

ViN = -30V 


140 



140 


mA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) 


PARAMETER 

TEST CONDITIONS 

79M15 

79M15C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



ViN = -23V 

ViN = -23V 


VouT Output voltage 


-15.6 

-15 

-14.4 

-15.6 

-15 

-14.4 

V 



-30V < ViN < 

-17.5V 

-30V < ViN < 

-17.5V 



5mA<louT^350mA, Pd^ 4W, over temp.* 

-15.75 


-14.25 



-14.25 

V 



-30V < ViN < 

-17.5V 

-30V < ViN < 

-17.5V 


Line regulation 



9.0 

80 


9.0 

80 

mV 



-28V < ViN < 

-18V 

-28V < ViN < 

:-18V 





7.0 

50 


7.0 

50 

mV 

Load regulation 

5mA < louT < 500mA 


65 

240 


65 

240 

mV 


5mA < louT < 350mA 


45 



45 


mV 

Icc 



1.5 

3.0 


1.5 

3.0 

mA 



-30V! 

^ ViN < 

-17.5V 

-30V 

VI 

z 

> 

VI 

-17.5V 


Alec 

With line 



0.4 



0.4 

mA 

Alec 

With load, 5mA < loUT ^ 350mA 



0.4 



0.4 

mA 

Output noise voltage 

10Hz<f < lOOKHz 


375 



375 


mV 



-28.5V < ViN < 

;-18.5V 

-28.5V 

<Vin: 

^-18.5V 


Ripple rejection 

f = 120Hz louT = 100mA, over temp.* 

50 



50 



dB 

Dropout voltage 



1.1 



1.1 


V 

Peak output current 



650 



650 


mA 

Average temperature co¬ 

louT = 5mA 


-1.0 



-1.0 


mV/°C 

efficient of output voltage 









Isc 

ViN = -30V 


140 



140 


mA 


‘NOTE 

-55° C < Tj < +150°C for 79M00 
0°C < Tj < +125°C for 79M00C 
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mA79M00-DB,U 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Iout = 350mA. Tj = 25°C, Cin = 2mF, Cout = VF, 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

79M18 

79M18C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 



ViN = -27V 

ViN = -27V 


VouT Output voltage 


-18.7 

-18 

-17.3 

-18.7 

-18 

-17.3 

V 



-33V< Vin<-21V 

-33V < ViN < 

:-21V 



5mA < louT ^ 350mA, Pd < 4W, over temp.* 

-18^9 


-17.1 

-18.9 


-17.1 

V 



-33V < ViN < 

-21V 

-33V < ViN < 

:-21V 


Line regulation 



11 

80 


11 

80 

mV 



-32V<Vin< 

-22V 

-32V < ViN < 

= -22V 





11 

70 


11 

70 

mV 

Load regulation 

5mA < louT ^ 500mA 


70 

300 


70 

300 

mV 


5mA < louT < 350mA 


48 



48 


mV 

Icc 



1.5 

3.5 


1.5 

3.5 

mA 



-33V< Vin<-21V 

-33V < ViN < 

:-21V 


Alec 

With line 



.4 



.4 

mA 

Alec 

With load, 5mA < Iqut ^ 350mA 






.4 

mA 

Output noise voltage 

10Hz<f <100KHz 



450 



450 

mV 



-32V < ViN < 

:-22V 

-32V < ViN < 

:-22V 


Ripple rejection 

f = 120Hz louT = 100mA, over temp.* 

50 



50 



dB 

Dropout voltage 



1.1 



1.1 


V 

Peak output current 



650 



650 


mA 

Average temperature co¬ 

louT = 5mA 


-1.0 



-1.0 


mV/°C 

efficient of output voltage 









Isc 

ViN = -30V 


140 

— 


140 


mA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) 


PARAMETER 

TEST CONDITIONS 

79M24 

79M24C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 




ViN = -3C 

IV 

ViN = -33V 


VoUT 

Output voltage 


-25 

-24 

-23 

-25 

-24 

-23 

V 




-38V < ViN < 

-27V 

-38V < ViN < 

;-27V 




5mA <louT^350mA, Pd <4W, over temp.* 

-25.2 

_1 

-22,8 

-25.2 

_ 

-22.8 

V 




-38V < ViN< 

-27V 

-38V < ViN < 

;-27V 



Line regulation 



12 

80 


12 

80 

mV 




-38V < ViN < 

-28V 

-38V < ViN < 

;-28V 






12 

70 


12 

70 

mV 


Load regulation 

5mA < louT < 500mA 


75 

300 


75 

300 

mV 



5mA < louT < 350mA 


50 



50 


mV 

Icc 




1.5 

3.5 


1.5 

3.5 

mA 




-38V < ViN < -27V 

-38V < ViN < 

-27V 


Alec 


With line 



0.4 



0.4 

mA 

Alec 


With load, 5mA < Iqut < 350mA 



0.4 



0.4 

mA 

Output noise voltage 

10Hz<f < lOOKHz 



600 



600 

mV 



f = 120Hz louT = 100mA, over temp.* 

-38V'< ViN< 

-28V 

-38V < ViN < 

: -28V 



Ripple rejection 


50 



50 



dB 

Dropout voltage 

Iqut = 5mA 


1.1 



1.1 


V 

Peak output current 



650 



650 


mA 

Average temperature co¬ 
efficient of output voltage 

ViN = -30V 


-1.0 



-1.0 

. 


mV/°C 

Isc 



140 



140 


mA 


‘NOTE 

-55° C < Tj < +150°C for 79M00 
0°C < Tj < +125° C for 79M00C 
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juA79M00-DB,U 


TYPICAL PERFORMANCE CHARACTERISTICS 


DROPOUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 




-75 -50 -25 0 25 50 75 100 125 150 175 


JUNCTION TEMPERATURE - °C 


OUTPUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 



PEAK OUTPUT CURRENT AS A OUTPUT IMPEDANCE 

FUNCTION OF INPUT-OUTPUT AS A FUNCTION OF FREQUENCY 

DIFFERENTIAL VOLTAGE 




RIPPLE REJECTION 
AS A FUNCTION OF FREQUENCY 



RIPPLE REJECTION AS 
A FUNCTION OF 
OUTPUT VOLTAGES 
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mA79M00-DB,U 


TYPICAL PERFORMANCE CHARACTRISTICS (Contd) 
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SA555F,N,N-14 • SE555F,T,N,N-14 • SE555C,F,T,N,N-14 • NE555F,T,N,N-14 


FEATURES 

• Turn off time less than 2ns 

• Maximum operating frequency greater 
than 500kHz 

• Timing from microseconds to hours 

• Operates in both astable and monostable 
modes 

• High output current 

• Adjustable duty cycle 

• TTL compatible 

• Temperature stability of 0.005% per °C 

• SE555 Mil std 883A,B,C available M38510 
(JAN) approved, M38510 processing 
available. 


PIN CONFIGURATIONS 

N PACKAGE 


GROUND [T 


1] Vcc 

TRIGGER [T 


"n DISCHARGE 

OUTPUT [T 


~6~1 THRESHOLD 

RESET [T 


"gl CONTROL 
-' VOLTAGE 


APPLICATIONS 

• Precision timing 

• Pulse generation 

• Sequential timing 

• Time delay generation 

• Pulse width modulation 

• Pulse position modulation 

• Missing pulse detector 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



SE555 

+18 

V 

NE555. SE555C, SA555 

+16 

V 

Power dissipation 

600 

mW 

Operating temperature range 



NE555 

0 to +70 


SA555 

-40 to +85 


SE555, SE555C 

-55 to +125 

°C 

Storage temperature range 

-65 to +150 


Load temperature (soldering, 60sec) 

300 

°C 


EQUIVALENT SCHEMATIC 


FM 



F,N-14 PACKAGE 

GND [T 
NC [T 
TRIGGER [T 

OUTPUT 

NC 

RESET 

NC [T 


m Vcc 

Tsl NC 

Tz] DISCHARGE 

TTI NC 

IF] THRESHOLD 

~F] NC 

CONTROL 
-2J VOLTAGE 




GROUND / 

T PACKAGE 

Vcc 

0 ® \ discharge 

TRIGGER I @ 0 

1 THRESHOLD 

OUTPUT \ 

0 ^ 0 y 

f CONTROL 


RESET 

VOLTAGE 

BLOCK DIAGRAM 

I- 
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SA555F,N,N-14 • SE555F,T,N,N-14 • SE555C,F,T,N,N-14 • NE555F,T,N,N-14 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +5V to +15 unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE555 

NE555/SE555C/SA555 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply voltage 


4.5 


18 

4.5 


16 

V 

Supply current (low state)i 

Vcc 5V Rl = « 


3 

5 


3 

6 

mA 


Vcc = 15V Rl = <« 


10 

12 


10 

15 

mA 

Timing error (monostable) 

RA = 2Kn to lOOKn 








Initial accuracy2 

C = 0.1mF 


0.5 

2.0 


1.0 

3.0 

% 

Drift with temperature 



30 

100 


50 


ppm/°C 

Drift with suppiy voltage 



0.05 

0.2 


0.1 

0.5 

%/V 

Timing error (astable) 

Ra, Rb = Ikn to lOOkO 








Initial accuracy2 

O 

II 

p 

Tl 


1.5 



2.25 


% 

Drift with temperature 

Vcc =15V 


90 



150 


ppm/°C 

Drift with supply voltage 



0.15 



0.3 


%/V 

Control voltage level 

Vcc =15V 

9.6 

10.0 

10.4 

9.0 

10.0 

11.0 

V 


Vcc = 5V 

2.9 

3.33 

3.8 

2.6 

3.33 

4.0 

V 

Threshold voltage 

Vcc =15V 

9.4 

10.0 

10.6 

8.8 

10.0 

11.2 

V 


Vcc = 5V 

2.7 

3.33 

4.0 

2.4 

3.33 

4.2 

V 

Threshold currents 



0.1 

0.25 


0.1 

0.25 

mA 

Trigger voltage 

Vcc =15V 

4.8 

5.0 

5.2 

4.5 

5.0 

5.6 

V 


Vcc = 5V 

1.45 

1.67 

1.9 

1.1 

1.67 

2.2 

V 

Trigger current 

Vtrig = ov 


0.5 

0.9 


0.5 

2.0 

mA 

Reset voltage^ 


0.4 

0.7 

1.0 

0.4 

0.7 

1.0 

V 

Reset current 



0.1 

0.4 


0.1 

0.4 

mA 

Reset current 

Vreset = OV 


0.4 

1.0 


0.4 

1.5 

mA 

Output voltage (low) 

Vcc =15V 









IsiNK = 10mA 


0.1 

0.15 


0.1 

0.25 

V 


IsiNK = 50mA 


0.4 

0.5 


0.4 

0.75 

V 


IsiNK = 100mA 


2.0 

2.2 


2.0 

2.5 

V 


IsiNK = 200mA 


2.5 



2.5 


V 


Vcc = 5V 









IsiNK = 8mA 


0.1 

0.25 


0.3 

0.4 

V 


IsiNK = 5mA 


0.05 

0.2 


0.25 

0.35 

V 

Output voltage (high) 

Vcc = 15V 









IsouRCE = 200mA 


12.5 



12.5 


V 


•source = 100mA 

13.0 

13.3 


12.75 

13.3 


V 


Vcc = 5V 









•source = 100mA 

3.0 

3.3 


2.75 

3.3 


V 

Turn off times 

Vreset = Vcc 


0.5 

2.0 


0.5 


MS 

Rise time of output 



100 

200 


100 

300 

ns 

Fall time of output 



100 

200 


100 

300 

ns 

Discharge leakage current 



20 

100 


20 

100 

na 


NOTES 


1. Supply current when output high typically 1mA less. 

2. Tested at Vcc = 5V and Vcc = 15V. 

3. This will determine the maximum value of Ra + Rb, for 15V operation, the max total 
R = 10 megohm, and for 5V operation, the max total R = 3.4 megohm. 

4. Specified with trigger input high. 

5. Time measured from a positive going input pulse from 0 to O.SxVcc into the threshold 
to the drop from high to low of the output. Trigger is tied to threshold. 
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SA555F,N,N-14 • SE555F,T,N,N-14 • SE555C,F,T,N,N-14 • NE555F,T,N,N-14 


TYPICAL PERFORMANCE CHARACTERISTICS 


MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


DELAY TIME 
vs TEMPERATURE 



0 0.1 0.2 0.3 0.4 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (XVcc) 




TEMPERATURE(°C) 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 



HIGH OUTPUT VOLTAGE DROP DELAY TIME vs 

vs OUTPUT SOURCE CURRENT SUPPLY VOLTAGE 


PROPAGATION DELAY 
vs VOLTAGE LEVEL 
OF TRIGGER PULSE 



1.0 2.0 5.0 10 20 50 100 

•source 




0 0.1 0.2 0.3 0.4 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (XVqc) 
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FEATURES 

• Timing from microseconds to hours 

• Replaces two 555 timers 

• Operates in both astable and monostable 
modes 

• High output current 

• Adjustable duty cycle 

• TTL compatible 

• Temperature stability of 0.005% per °C 

• SE566 MIL STD 883A, B, C available, 
N38510 (JAN planned, 38510 processing 
available). 

APPLICATIONS 

• Precision timing 

• Sequential timing 

• Pulse shaping 

• Pulse generator 

• Missing pulse detector 

• Tone burst generator 

• Pulse width modulation 

• Time delay generator 

• Frequency division 

• Industrial controls 

• Pulse position modulation 

• Appliance timing 

• Traffic light control 

• Touch tone encoder 


EQUIVALENT SCHEMATIC (Shown for one circuit only) 
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SA556F,N • SE556N,F • NE556F,N • SE556CF,N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



SE556 

+18 

V 

NE556, SE556C, SA556 

+16 

V 

Power dissipation 

600 

mW 

Operating temperature range 



NE556 

0 to +70 

°C 

SA556 

-40 to +85 

°C 

SE556, SE556C 

-55 to +125 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature 

+300 

°C 

(Soldering, 60 sec) 




ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +5V to +15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE556 

NE556/SE556C/SA556 

UNITS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply voltage 


4.5 


18 

4.5 


16 

V 

Supply current (low state)i 

Vcc - 5V Rl = «> 


6 

10 


6 

12 

mA 


Vcc = 15V Rl = “ 


20 

24 


20 

30 

mA 

Timing error (monostable) 

RA = 2ka to lOOkn 








Initial accuracys 

C = 0.1mF 


0.5 

1.5 


0.75 

3.0 

% 

Drift with temperature 



30 

100 


50 


ppm/°C 

Drift with supply voltage 



0.05 

0.2 


0.1 

0.5 

%/V 

Timing error (astable) 

Ra, Rb = 1kn to lOOkn 








Initial accuracy2 

C = 0.1mF 


1.5 



2.25 


% 

Drift with temperature 

Vcc =15V 


90 



150 


ppm/°C 

Drift with supply voltage 



0.15 



0.3 


%/V 

Control voltage level 

Vcc =15V 

9.6 

10.0 

10.4 

9.0 

10.0 

11.0 

V 


Vcc = 5V 

2.9 

3.33 

3.8 

2.6 

3.33 

4.0 

V 

Threshold voltage 

< 

o 

o 

II 

cn 

< 

9.4 

10.0 

10.6 

8.8 

10.0 

11.2 

V 


Vcc = 5V 

2.7 

3.33 

4.0 

2.4 

3.33 

4.2 

V 

Threshold currents 



30 

250 


30 

250 

nA 

Trigger voltage 

Vcc =15V 

4.8 

5.0 

5.2 

4.5 

5.0 

5.6 

V 


Vcc = 5V 

1.45 

1.67 

1.9 

1.1 

1.67 

2.2 

V 

Trigger current 

Vtrig = ov 


0.5 

0.9 


0.5 

2.0 

mA 

Reset voltages 


0.4 

0.7 

1.0 

0.4 

0.7 

1.0 

V 

Reset current 



0.1 

0.4 


0.1 

0.6 

mA 

Reset current 

Vreset = ov 


0.4 

1.0 


0.4 

1.5 

mA 

Output voltage (low) 

Vcc =15V 

IsiNK = 10mA 


0.1 

0.15 


0.1 

0.25 

V 


IsiNK 50mA 


0.4 

0.5 


0.4 

0.75 

V 


•sink - 100mA 


2.0 

2.25 


2.0 

3.2 

V 


IsiNK = 200mA 


2.5 



2.5 


V 


Vcc = 5V 

IsiNK = 8mA 


0.1 

0.2 


0.25 

0.3 

V 


IsiNK = 5mA 


0.05 

0.15 


0.15 

0.25 

V 

Output voltage (high) 

Vcc = 15V 

ISOURCE = 200mA 


12.5 



12.5 


V 


IsouRCE = 100mA 

13.0 

13.3 


12.75 

13.3 


V 


< 

o 

o 

11 

cn 

< 









ISOURCE = 100mA 

3.0 

3.3 


2.75 

3.3 


V 

Rise time of output 



100 

200 


100 

300 

ns 

Fall time of output 



100 

200 , 


100 

300 

ns 

Discharge leakage current 



20 

100 


20 

100 

nA 

Matching characteristics^ 









Initial accuracys 



0.5 

1.0 


1.0 

2.0 

% 

Drift with temperature 



10 



10 


ppm/°C 

Drift with supply voltage 



0.1 

0.2 

_1 


0.2 

0.5 

%/V 
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SA556F,N • SE556N,F • NE556F,N • SE556C,F,N 


NOTES 

1. Supply current when output is high is typically 1.0mA less. 

2. Tested at Vcc = 5V and Vcc = 15V. 

3. This will determine the maximum value of Ra + Rb- For 15V operation, the maximum 
total R = 10 meg-ohms, and for 5V operation, the max. total R = 3.4 meg-ohms. 


4. Matching charactristics refer to the difference between performance characteristics 
for each timer section in the monostable mode. 

5. Specified with trigger input high. 


TYPICAL PERFORMANCE CHARACTERISTICS 


MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


HIGH OUTPUT VOLTAGE DROP 
vs OUTPUT SOURCE CURRENT 



LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 



DELAY TIME 
vs TEMPERATURE 


DELAY TIME vs 
SUPPLY VOLTAGE 


PROPAGATION DELAY 
vs VOLTAGE LEVEL 
OF TRIGGER PULSE 


-50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE(°C) 



SUPPLY VOLTAGE (V) 


LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vqq) 
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SA556-1F,N • SE556-1N,F • NE556-1N,F • SE556-1CN,F 


FEATURES 

• Turn off time less than 2^S 

• Maximum operating frequency greater 
than 500kHz 

• Timing from microseconds to hours 

• Replaces two 555 timers 

• Operates in both astable and monostable 
modes 

• High output current 

• Adjustable duty cycle 

• TTL compatible 

• Temperature stability of 0.005% per ""C 

APPLICATIONS 

• Precision timing 

• Sequential timing 

• Pulse shaping 

• Pulse generator 

• Missing pulse detector 

• Tone burst generator 

• Pulse width modulation 

• Time delay generator 

• Frequency division 

• Industrial controls 

• Pulse position modulation 

• Appliance timing 

• Traffic light control 

• Touch tone encoder 


PIN CONFIGURATION 


F,N PACKAGE 

DISCHARGE [T 


ii] ''cc 

THRESHOLD [T 


Til discharge 

CONTROL 
VOLTAGE ■ - 


T2I THRESHOLD 

RESET [T 


771 CONTROL 
-LU VOLTAGE 

OUTPUT [T 


To] RESET 

TRIGGER 


"Fj OUTPUT 

GROUND [T 


Tj TRIGGER 


BLOCK DIAGRAM 



DISCHARGE 

THRESHOLD 

CONTROL VOLTAGE 
RESET 


OUTPUT 


TRIGGER 


EQUIVALENT SCHEMATIC (Shown for one circuit only) 



smnDtics 
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SA556-1F,N • SE556-1N,F • NE556-1N,F • SE556-1CN,F 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



SE556-1 

-f18 

V 

NE556-1, SE556-1C, SA556-1 

+16 

V 

Power dissipation 

1.20 

w 

Operating temperature range 



NE556-1 

0 to +70 

°c 

SA556-1 

-40 to +85 

°c 

SE556-1, SE556-1C 

-55 to +125 

°c 

Storage temperature range 

-65 to +150 

°c 

Lead temperature 



(soldering, 60 see) 

+300 

°c 


ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +5V to +15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE556-1 I 

SA556-1/NE556-1/SE556-1C 

UNITS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply voltage 


4.5 


18 

4.5 


16 

V 

Supply current (low state)i 

Vcc = 5V Rl = " 


6 

10 


6 

12 

mA 


Vcc = 15V Rl = " 


20 

24 


20 

30 

mA 

Timing error (monostable) 

RA = 2 kn to lOOkn 








Initial accuracy2 

O 

11 

p 

T| 


0.5 

1.5 


0.75 

3.0 

% 

Drift with temperature 



30 

100 


50 


ppm/°C 

Drift with supply voltage 



0.05 

0.2 


0.1 

0.5 

%/V 

Timing error (astable) 

Ra, Rb = ikn to iookn 








Initial accuracys 

u. 

c> 

II 

O 


1.5 



2.25 


% 

Drift with temperature 

Vcc = 15V 


90 



150 


ppm/°C 

Drift with supply voltage 



0.15 



0.3 


%/V 

Control voltage level 

Vcc =15V 

9.6 

10.0 

10.4 

9.0 

10.0 

11.0 

V 


Vcc = 5V 

2.9 

3.33 

3.8 

2.6 

3.33 

4.0 

V 

Threshold voltage 

Vcc = 15V 

9.4 

10.0 

10.6 

8.8 

10.0 

11.2 

V 


Vcc = 5V 

2.7 

3.33 

4.0 

2.4 

3.33 

4.2 

V 

Threshold currents 



30 

250 


30 

250 

nA 

Trigger voltage 

Vcc =15V 

4.8 

5.0 

5.2 

4.5 

5.0 

5.6 

V 


Vcc = 5V 

1.45 

1.67 

1.9 

1.1 

1.67 

2.2 

V 

Trigger current 

Vtrig = OV 


0.5 

0.9 


0.5 

2.0 

mA 

Reset voltages 


0.4 

0.7 

1.0 

0.4 

0.7 

1.0 

V 

Reset current 



0.1 

0.4 


0.1 

0.6 

mA 

Reset current 

Vreset = OV 


0.4 

1.0 


0.4 

1.5 

mA 

Output voltage (low) 

Vcc =15V 

IsiNK = 10mA 


0.1 

0.15 


0.1 

0.25 

V 


IsiNK = 50mA 


0.4 

0.5 


0.4 

0.75 

V 


IsiNK = 100mA 


0.8 

1.2 


2.0 

2.5 

V 


IsiNK = 200mA 


2.5 



2.5 


V 


Vcc = 5V 

IsiNK = 8mA 


0.1 

0.2 


0.25 

0.3 

V 


• sink = 5mA 


0.05 

0.15 


0.15 

0.25 

V 

Output voltage (high) 

Vcc =15V 
•source = 200mA 


12.5 



12.5 


V 


•source = 100mA 

13.0 

13.3 


12.75 

13.3 


V 


Vcc = 5V 









ISOURCE = 100mA 

3.0 

3.3 


2.75 

3.3 


V 

Turn off times 

Vreset = Vcc 


0.5 

2.0 


0.5 


Ais 

Rise time of output 



100 

200 


100 

300 

ns 

Fall time of output 



100 

200 


100 

300 

ns 

Discharge leakage current 



20 

100 


20 

100 

nA 

Matching characteristics4 









Initial accuracys 



0.5 

1.0 


1.0 

2.0 

% 

Drift with temperature 



±10 



±10 


ppm/°C 

Drift with supply voltage 



0.1 

0.2 


0.2 

0.5 

%/V 
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TYPICAL CHARACTERISTICS 


SA556-1F,N • SE556-1N,F • NE556-1N,F • SE556-1CN,F 


MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


HIGH OUTPUT VOLTAGE DROP 
vs OUTPUT SOURCE CURRENT 


■■ 



LOWEST VOLTAGE LEVEL OF TRIGGER PULSE 


10.0 

SUPPLY VOLTAGE - VOLTS 





n 

“T~ 






55 C 

— f^ 

-- 





—1— 
+ 25°C 

_ 

— 


_J 












i—■ 

— 
















_j 





5.0 10 20 50 100 

•source 


LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 


LOW OUTPUT VOLTAGE 
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1. Supply current when output is high is typically 1.0mA less. 

2. Tested at Vcc = 5V and Vcc == 15V. 


4. Matching characteristics refer to the difference between performance characteristics 
for each timer section in the monostable mode. 

5. Specified with trigger input high. 


3. This will determine the maximum value of Ra+Rb. For 15Voperation, the maximum 6. TimemeasuredfromapositivegoInginputpulselrom OtoO.BVccintothethresholdto 


total R = 10 megohms, and for 5V operation, the max. total R = 3.4 megohms. 


the drop from high to low of the output. Trigger is tied to threshold. 
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NE/SE/SA558/559-F,N 


DESCRIPTION 

The SA/SE/NE558 and 559 Quad Timers are 
monolithic timing devices which can be 
used to produce four entirely independent 
timing functions. The 558 output sinks cur¬ 
rent whereas the 559 sources current. These 
highly stable, general purpose controllers 
can be used in a monostable mode to pro¬ 
duce accurate time delays, from microse¬ 
conds to hours. In the time delay mode of 
operation, the time is precisely controlled 
by one external resistor and one capacitor. 
Astable operation can be achieved by using 
two of the four timer sections. 

The four timing sections in the 558 and 559 
are edge triggered; therefore, when con¬ 
nected in tandem for sequential timing ap¬ 
plications, no coupling capacitors are re¬ 
quired. Output current capability of 100mA 
is provided in both devices. 

FEATURES 

• 100mA output current per section 

• Edge triggered (no coupling capacitor) 

• Output independent of trigger conditions 

• Wide supply voltage range 4.5V to 18V 

• Timer intervals from microseconds to 
hours 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


• Military quaiifications pending 

PARAMETER 

RATING 

UNIT 

APPLICATIONS 

Supply voltage 



• Sequentiai timing 

SE558, SE559 

+18 

V 

• Time delay generation 

NE558, NE559 

+16 

V 

• Precision timing 

SA558, SA559 

+16 

V 

• Industrial controls 

Power dissipation 

1.25 

w 

• Quad one-shot 

Operating temperature range 




NE558, NE559 

0 to +70 

'’C 


SA558, SA559 

-40 to +85 



SE558, SE559 

-55 to+125 

°c 


Storage temperature range 

-65 to +150 

°c 

i 

Lead temperature (soldering, 60sec) 

+300 

°c 


558 EQUIVALENT CIRCUIT 
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NE/SE/SA558/559-F,N 


559 EQUIVALENT CIRCUIT 



ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +5V to +15V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE558/SE559 

NE558/NE559 

SA558/SA559 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Supply voltage 


4.5 


18 

4.5 


16 

V 

Supply current (558) 

Vcc = Reset = 15V 


21 

32 


27 

36 

mA 

(559) 

Vcc = Reset = 15V 


9 

16 


12 

18 

mA 

Timing accuracy (T = RC) 

R = 2kn to lOOkn 









C = VF 








Initial accuracy 



1.0 

3 


2 


% 

Drift with temperature 



150 



150 


ppm/°C 

Drift with supply voltage 



0.1 



0.1 


%/V 

Trigger voltagei 

Vcc = 15V 

0.8 

1.5 

2.4 

0.8 

1.5 

2.4 

V 

Trigger current 

Trigger = OV 


5 

30 


5 

100 


Reset voltage2 


0.8 

1.5 

2.4 

0.8 

1.5 

2.4 

V 

Reset current 

Reset 


50 

300 


50 


mA 

Threshold voltage 



0.63 



0.63 


xVcc 

Threshold leakage 



15 



15 


nA 

Output voltage (558)3 

lL = 10mA ’ 


0.1 

0.2 


0.1 

0.4 

V 


Il = 100mA 


0.7 

1.5 


1.0 

2.0 

V 

Output voltage (559)4 

lL = 10mA 

13 

13.6 


12.5 

13.3 


V 


Il = 100mA 

12.5 

13.3 


12.0 

13.0 

1 

j 

V 

Output leakage 



10 



10 i 


nA 

Propagation delay(558) 



1.0 



1.0 


fxS 

(559) i 



0.4 



0.4 


MS 

Risetime of output 

Il = 100mA 


100 



100 


ns 

Falltime of output 

II = 100mA 


100 



100 


ns 


NOTES 


1. The trigger functions only on the falling edge of the trigger pulse only after previously 
being high. After reset the trigger must be brought high and then low to implement 
triggering. 

2. For reset below 0.8 volts, outputs set low and trigger inhibited. For reset above 2.4 
volts, trigger enabled. 

3. The 558 output structure is open collector which requires a pull up resistor to Vcc to 
sink current. The output i.s normally low sinking current. 

4. The 559 output structure is a darlington emitter follower which requires a pull down 
resistor to ground to source current. The output is normally low and sources current 
only when switched high. 
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LM111/211/311-F,N,N-14,T 

LH2111/2211/2311-F,N,N-14 


DESCRIPTION 

The LM111 series are voltage comparators 
that have input currents approximately a 
hundred times lower than devices like the 
^lA7^0. They are designed to operate over a 
wider range of supply voltages; from 
standard ±15V op amp supplies down to 
the single 5V supply used for IC logic. Their 
output is compatible with RTL, DTL, and 
TTL as well as MOS circuits. Further, they 
can drive lamps or relays, switching volt¬ 
ages up to 50V at currents as high as 50mA. 

Both the inputs and the outputs of the 
LM111 series can be isolated from system 
ground, and the output can drive loads 
referred to ground, the positive supply or 
the negative supply. Offset balancing and 
strobe capability are provided and outputs 
can be wire OR’ed. Although slower than 
the ^A710 (200ns response time vs 40ns) 
the devices are also much less prone to 
spurious oscillations. The LM111 series has 
the same pin configuration as the /xA710 
series. 

The LH2111 series hybrids are 2 LM111 type 
comparators in one hermetic package. They 
feature the same electrical parameters as 
the single devices. 

FEATURES 

• Operates from single 5V supply 

• Maximum input bias current: 150nA 
(LM311 -250nA) 

• Maximum offset current: 20nA (LM311 - 
50nA) 

• Differential input voltage range: ±30V 

• Power consumption: 135mW at ±15V 

• High sensitivity—200V/mV 

• Military qualification pending 

• LH2111 offers close thermal tracking 


PIN CONFIGURATIONS 




EQUIVALENT SCHEMATIC 
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LM111/211/311-F,N,N-14,T 

LH2111/2211/2311-F,N,N-14 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Total supply voltage 

36 

V 

Output to negative supply voltage: 



LM111/LM211, LH2111/LH2211 

50 

V 

LM311, LH23H 

40 

V 

Grountj to negative supply voltage 

30 

V 

Differential input voltage 

±30 

V 

Input voltagei 

±15 

V 

Power dissipation2 

500 

mW 

Output short circuit duration 

10 

sec 

Operating temperature range 



LM111, LH2111 

-55 to+125 

°C 

LM211, LH2211 

-25 to +85 

°C 

LM311, LH2311 

0 to +70 

°C 

Storage temperature range 

-65 to+150 

°C 

Lead temperature 

300 


(soldering, 10sec) 

i 

_^_ i 



DC ELECTRICAL CHARACTERISTICS 123 


PARAMETER 

TEST CONDITIONS 

LM111/LM211/LH2111/LH2211 

LM311/LH2311 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage^ 

Ta = 25°C, Rs<50kn 


0.7 

3.0 

. 

2.0 

7.5 

mV 

Input offset current4 

Ta = 25°C 


4.0 

10 


ao 

50 

nA 

Input bias current 

Ta = 25°C 


60 

100 


100 

250 

nA 

Voltage gain 

Ta = 25°C 


200 



200 


V/mV 

Response times 

Ta = 25°C 


200 



200 


ns 

Saturation voltage 

ViN ^ -5mV, louT = 50mA 









Ta = 25°C 


0.75 

1.5 


0.75 

1.5 

V 

Strobe on current 

Ta = 25°C 


3.0 



3.0 


mA 

Output leakage current 

ViN > 5mV, VouT = 35V 









Ta = 25° C, IsTROBE = 3mA 


0.2 

10 


0.2 

50 

nA 

Input offset voltage4 

Rs<50kn 



4.0 



10 

mV 

Input offset current4 




20 



70 

nA 

Input bias current 




150 



300 

nA 

Input voltage range 



±14 



±14 


V 

Saturation voltage 

V+ > 4.5V, V- = 0 









ViN < -6mV, IsiNK 8mA 


0.23 

0.4 


0.23 

0.4 

V 

Output leakage current 

ViN > 5mV, VouT = 35V 


0.1 

0.5 




mA 

Positive supply current 

Ta = 25°C 


5.1 

6.0 


5.1 

7.5 

mA 

Negative supply current 

Ta = 25°C 


4.1 

5.0 


4.1 

5.0 

mA 


NOTES 

1. This rating applies for ±15V supplies. The positive input voltage limit is 30V above the 
negative supply. The negative input voltage limit is equal to the negative supply 
voltage or 30V below the positive supply, whichever is less. 

2. The maximum junction temperature of the LM311, LH2311 is 110°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a 
thermal resistance of 150°C/W, junction to ambient, in the N package, a thermal 
resistance of 162°C/W, and °C/W for the Ceramic package. The maximum junction 
temperature of the LM111, LH2111 is 150° C, while that of the LM211, LH2111 is 110° C. 
For operating at elevated temperatures, devices in the TO-5 package must be derated 
based on a thermal resistance of 150°C/W, junction to ambient. The thermal 
resistance of the Cerdip package is 110°C/W, junction to ambient. 


3. These specifications apply for Vs = ±15V and 0°C < Ta < 70°C unless otherwise 
specified. With the LM211, LH2111 however, all temperature specifications are limited 
to -25° C < Ta < 85°C and for the LM111 and LH2111 are limited to -55°C < Ta < 125°C. 
The offset voltage, offset current and bias current specifications apply for any supply 
voltage from a single 5V supply up to ±15V supplies. 

4. The offset voltages and offset currents given are the maximum values required to drive 
the output within a volt of either supply with 1 mA load. Thus, these parameters define 
an error band and take into account the worst case effects of voltage gain and input 
impedance. 

5. The response time specified (see definitions) is for a lOOmV input step with 5mV 
overdrive. 
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TYPICAL APPLICATIONS 


LM111/211/311-F,N,N-14,T 
LH2111/2211/2311-F,N,N-14 




MAGNETIC 
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LM119/219/319-F,K,N 


DESCRIPTION 

The LM119 series are precision high speed 
dual comparators fabricated on a single 
monolithic chip. They are designed to oper¬ 
ate over a wide range of supply voltages 
down to a single 5V logic supply and 
ground. Further, they have higher gain and 
lower input currents than devices like the 
;uA710. The uncommitted collector of the 
output stage makes the LM119 compatible 
with RTL, DTL and TTL as well as capable of 
driving lamps and relays at currents up to 
25mA. 

Although designed primarily for applica¬ 
tions requiring operation from digital logic 
supplies, the LM119 series are fully speci¬ 
fied for power supplies up to ±15V. It fea¬ 
tures faster response than the LM111 at the 
expense of higher power dissipation. How¬ 
ever, the high speed, wide operating voltage 
range and low package count make the 
LM119 much more versatile than older de¬ 
vices like the /uA711. 

The LM119 is specified from -55° C to 
+125° C, the LM219 is specified from -25° C 
to -f85°C, and the LM319 is specified from 
0°C to +70° C. 


FEATURES 

• Two independent comparators 

• Operates from a single 5V suppiy 

• Typically 80ns response time at ±15V 

• Minimum fan-out of 3 (each side) 

• Maximum input current of IjuA over 
temperature 

• Inputs and outputs can be isolated from 
system ground 

• High common mode slew rate 

• Mil std 883 A, B, C available 


PIN CONFIGURATIONS 



EQUIVALENT SCHEMATIC 
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LM119/219/319-F,K,N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Total supply voltage 

36 

V 

Output to negative supply voltage 

36 

V 

Ground to negative supply voltage 

25 

V 

Ground to positive supply voltage 

18 

V 

Differential input voltage 

±5 

V 

Input voltagei 

±15 

V 

Power dissipation2 

500 

mW 

Output short circuit duration 

10 

s 

Operating temperature range 



LM119 

-55 to +125 

°C 

LM219 

-25 to +85 

°C 

LM319 

0 to +70 


Storage temperature range 

-65 to +150 

°C 

Lead temperature (soldering, 10sec) 

300 



NOTES 


1. For supply voltages less than ±15V, the absolute maximum rating is equal to the 
supply voltage. 

2. The absolute maximum junction temperature is 150°C. Device dissipation must be 
derated as follows; 

N/K package—150° C/watt above 75° C 
F package —110° C/watt above 95° C 


DC ELECTRICAL CHARACTERISTICS Vs = ±15V, for LM119, -SS'C < Ta < 125°C| 

LM219,-25°C < Ta ^ 85°C [ unless otherwise specified. 
LM319, 0°C<Ta< 70°C j 


PARAMETER 

TEST CONDITIONS 

LM119/219 

LM319 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltage+2 

Rs<5Ka, Ta = 25°C 


0.7 

4.0 


2.0 

8.0 

mV 



Over temp. 



7 



10 

mV 

los 

Input offset currentL2 

Ta = 25°C 


30 

75 


80 

200 

nA 



Over temp. 



100 



300 

nA 

Ib 

Input bias currenfi 

Ta = 25° C 


150 

500 


250 

1000 

nA 



Over temp. 



1000 



1200 

nA 

Av 

Voltage gain 

Ta = 25° C 

10 

40 


8 

40 


V/mV 

VoL 

Saturation voltage 

ViN = 5mV, louT = 25mA, Ta = 25° C 


0.75 

1.5 




V 



ViN = 10mV, louT = 25mA, Ta = 25° C 





0.75 

1.5 

V 



V+ > 4.5V, V- = 0 










ViN — 6mV, louT = 3.2mA 










Ta>0°C 


0.23 

0.4 




V 



Ta<0°C 



0.6 







V(N = lOmV, louT = 3.2mA 





0.3 

0.4 

V 

lOH 

Output leakage current 

V- = OV, ViN = 5mV 










VouT = 35V, Ta = 25° C 


0.2 

2 




mA 



Over temp. 


1 

10 




mA 



V- = 0V, ViN = 10mV 










VoUT = 35V, Ta = 25°C 





0.2 

10 

mA 

V|N 

Input voltage range 

Vs = ±15V 


±13 



±13 


V 



V+ = 5V, V- = OV 

1 


3 

1 


3 

V 

V|D 

Differential input voltage 




±5 



±5 

V 

P 

Positive supply current 

V+ = 5V, V- = 0V, Ta = 25°C 


4.3 



4.3 


mA 

P 

Positive supply current 

Vs = ±15V, Ta = 25°C 


8.0 

11.5 


8.0 

12.5 

mA 

1- 

Negative supply current 

Vs = ±15V, Ta = 25°C 


3.0 

4.5 


3.0 

5.0 

mA 


NOTES 


1- Vos, los and Ib specifications apply for a supply voltage range of Vs = ±15Vdown toa 2. The offset voltages and offset currents given are the maximum values required to drive 

single 5V supply. the output to within 1 volt of either supply with a 1mA load. Thus these parameters 

define an error band and take into account the worst case effects of voltage gain and 
Input impedance. 
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LM119/219/319-F,K,N 


AC ELECTRICAL CHARACTERISTICS 


‘NOTE 

The response time specified is for a lOOmV step with SmV overdrive. 


TEST CIRCUIT 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Response time* 

Vs = ±15V,Ta = 25°C 

Rl = soon (see test figure) 


80 


ns 


RESPONSE TIME 
MEASUREMENT 


PULSE 

GENERATOR! 





TYPICAL PERFORMANCE CHARACTERISTICS 
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LM119/219/319-F,K,N 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


OUTPUT SATURATION VOLTAGE 



OUTPUT VOLTAGE (V) 


INPUT CURRENTS 
(LM119/219) 



-55 -35 -15 5.0 25 45 65 85 105 12.5 

TEMPERATURE (®C) 


INPUT CURRENTS 
(LM319) 
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TEMPERATURE fC) 


SUPPLY CURRENT 



SUPPLY VOLTAGE ( + V) 


COMMON MODE LIMITS 
(LM119/219) 



SUPPLY CURRENTS 
(LM319) 
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DESCRIPTION 


FEATURES 


LM139/A/239/A/339/A/2901-F.N • MC3302-N 

PIN CONFIGURATION 


The LM139 series consists of four inde¬ 
pendent precision voltage comparators 
with an offset voltage specification as low as 
2.0mV max for each comparator which were 
designed specifically to operate from a 
single power supply over a wide range of 
voltages. Operation from split power sup¬ 
plies is also possible and the low power 
supply current drain is independent of the 
magnitude of the power supply voltage. 
These comparators also have a unique 
characteristic in that the input common 
mode voltage range includes ground, even 
though operated from a single power supply 
voltage. 

The LM139 series was designed to directly 
interface with TTL and CMOS. When oper¬ 
ated from both plus and minus power sup¬ 
plies, the LM139 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com¬ 
parators. 


• Wide single supply voltage range 2.0Vdc 
to 36Vdc or dual supplies ±1 .OVdc to 
±18Vdc 

• Very low supply current drain (0.8mA) 
independent of supply voltage (1.0mW/- 
comparator at S.OVdc) 

• Low input biasing current 25nA 

• Low input offset currrent ±5nA and offset 
voltage ±3mV 

• Input common-mode voltage range in¬ 
cludes ground 

• Differential input voltage range equal to 
the power supply voltage. 

• Low output 250mV at 4mA saturation 
voltage 

• Output voltage compatible with TTL, 
DTL, ECL, MOS and CMOS logic sys¬ 
tems. 

APPLICATIONS 

• A/D converters 

• Wide range VCO 

• MOS clock generator 

• High voltage logic gate 

• Multivibrators 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc supply voltage 

36 or ±18 

Vdc 

Differential input voltage 

36 

Vdc 

Input voltage 

-0.3 to +36 

Vdc 

Power dissipation"! 



Molded DIP 

570 

mW 

CERDIP 

900 

mW 

Output short circuit to grounds 

Continuous 


Input current (Vin < -0.3Vdc)3 

50 

mA 

Operating temperature range 



LM139/139A 

-55 to +125 

°C 

LM239/239A 

-25 to +85 

°C 

LM339/339A 

0 to +70 

°C 

LM2901/MC3302 

-40 to +85 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature (soldering 10 sec.) 

300 

°C 



EQUIVALENT CIRCUIT 
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LM139/A/239/A/339/A/2901-F,N • MC3302-N 

DC ELECTRICAL CHARACTERISTICS V+ = 5Vdc, LM139A/LM139: -55°C < Ta < 125®C unless otherwise specified 

LM239: -25®C < Ta ^ 85°C unless otherwise specified 
LM339: 0°C < Ta ^ 70°C unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

LM139 

LM239/339 

LM139A 

UNIT 


B!1 

Max 



Max 

WWi 

EB3 

Max 

Vos 

input offset voltages 

Ta = 25°C 








±1.0 

±2.0 

mV 



Over temp. 



loon 






4.0 


VCM 

Input common mode voltage 

Ta = 25°C 

0 


Rsng 

0 


R9Q 

0 


V±-1.5 

V 


ranges 

Over temp. 

0 



0 



0 


V±-2.0 


ViDR 

Differential input voltage^ 

Keep all ViN’s^OVdc 


■ 





■ 

■ 





(or V-if need) 


■ 





■ 

■ 



Ib 

Input bias current^ 

I|N(+) or I|N{-) with 
output in linear range 













Ta = 25°C 


25 

100 


25 

250 


25 

100 




Over temp. 



300 



400 



300 

nA 

los 

Input offset current 

I|N(+) - llN(-) 

Ta = 25°C 


±3.0 





1 

±3.0 

±25 

nA 



Over temp. 









±100 

nA 

lOL 

Output sink current 

ViN(-) ^ 1 Vdc, 

ViN(+) = 0, Vo<1.5Vdc, 

6.0 

16 

■j 


16 




H 




Ta = 25°C 











lOH 

Output leakage current 

V|N(+) > 1 Vdc, V|N(-) = 0 
Vo = 5Vdc, Ta = 25°C 


0.1 


■ 




0.1 

■ 

HB 



Vo = 30Vdc, over temp. 



1.0 

■ 






H&H 

Icc 

Supply currents 

Rl = 00 on comparators, 









■1 




Ta = 25°C 


0.8 

2.0 


0.8 

2.0 


0.8 



Av 

Voltage gain 

Rl> 15ka, V+ = 15Vdc 

lESi 








IHH 


VoL 

Saturation voltage 

ViN(~) ^ 1Vdc, 

ViN(+) = 0, lsiNK^4mA 













Ta = 25°C 


250 

400 


250 

400 


250 

400 




Over temp. 



700 



700 



700 

mV 

Tlsr 

Large signal response time 

V|N = TTL logic swing, 













Vref "= 1.4Vdc, 













VRL = 5Vdc, RL = 5.1ka 













Ta = 25°C 


300 



300 



300 


ns 

Tr 

Response times 

VRL = 5Vdc, RL-5.1ka 













Ta = 25°C 


1.3 



1.3 



1.3 


MS 
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LM139/A/239/A/339/A/2901-F,N • MC3302-N 

DC ELECTRICAL CHARACTERTISICS (Cont’d) V-f = 5Vdc, LM339A: 0°C < Ta < 70°C unless otherwise specified 


LM239A: -25°C < Ta < 85°C unless otherwise specified 
LM2901/LM3302: -40°C < Ta < 85° C unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

LM239A/339A 

LM2901 

MC3302 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos Input offset voltages 

Ta = 25°C 

Over temp. 


— 

±1.0 

±2.0 

±4.0 


±2.0 

±9 

±7.0 

±15 


±3.0 

±20 

±40 

mV 

VcM Input common mode voltage 
ranges 

Ta = 25°C 

Over temp. 

0 

0 


V±-1.5 

V±-2.0 

0 

0 


V±-1.5 

V±-2.0 



V±-1.5 

V±-2.0 

V 

Vidr Differential input voltage^ 

Keep all Vin s ^ OVdc 
(or V-if need) 



V± 



V± 



V± 

V 

Ib Input bias current^ 

I|N(+) or liN(-) with 
output in linear range 
Ta = 25°C 

Over temp. 


25 

250 

400 


25 

200 

250 

500 


25 

500 

1000 

nA 

los Input offset current 

I|N(+) - llN(-) 

Ta - 25°C 

Over temp. 


±5.0 

±50 

±150 


±5 

±50 

±50 

±200 


±5 

±100 

±300 

nA 

nA 

loL Output sink current 

V|N(-) ^ 1Vdc, 

ViN(+) = 0, Vo 1.5Vdc, 
Ta = 25°C 

Vo = 800mV, 

Over temp. 

6.0 

16 


6.0 

16 


2.0 



mA 

loH Output leakage current 

ViN(+) ^ 1Vdc, ViN(-) = 0 
Vo = 5Vdc, Ta = 25°C 

Vo = 30Vdc, 

Over temp. 


0.1 

1.0 


0.1 

1.0 


0.1 

1.0 

nA 

juA 

Ice Supply currents 

Rl = “ on comparators, 
V+ = 5Vdc 

Ta = 25°C 

V+ = 30V, Ta = 25°C 


0.8 

1 

2.0 


0.8 

1.0 

2.0 

2.5 


0.8 

2.0 

mA 

Av Voltage gain 

Rl> 15kn, V+ = 15Vdc 

50 

200 ' 


25 

100 


2 

100 


V/mV 

VoL Saturation voltage 

V|N(-) ^ 1 Vdc, 

V(N(+) = 0, IsiNK < 4mA 
Ta-25°C 

Over temp. 

IsiNK — 2mA, V-f = 5V 
to 28V, Ta = 25°C 

i 

-n 

250 

400 

700 


400 

1 

400 

700 


150 

400 

700 

mV 

Tlsr Large signal response time 

ViN = TTL logic swing, 
Vref- 1.4Vdc,. 

VRL = 5Vdc, RL = 5.1kn, 
Ta = 25°C 

i 

i 

I 

I 

300 



300 



300 


ns 

Tr Response times 

VRL = 5Vdc, RL-5.1kn, 
Ta = 25°C 

I 

_!±j 



1.3 



1.3 


yus 


SjOnDtiCS 
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NOTES 

1. For operating at high temperatures, the LM339/339A, LM2901 and MC3302 must be 
derated based on a 125°C maximum junction temperature and a thermal resistance of 
175° C/W which applies for the device soldered in a printed circuit board, operating in 
a still air ambient. The LM139/139A/239/239A must be derated on a 150°C rhaximum 
junction temperature. The low power dissipation and the “On-Off” characteristics of 
the outputs keep the chip dissipation very small (Pd lOOmW), provided the output 
transistors are allowed to saturate. 

2. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. 

3. This input current will only exist when the voltage at any of the input leads is driven 
negative. It is due to the collector-base junction of the input PNP transistors becoming 
forward biased and thereby acting as input diode clamps. In addition to this diode 
action, there is also lateral NPN parasitic transistor action on the 1C chip. This 
transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is 
driven negative. Th is is not destructive and normal output states will re-establish when 


LM139/A/239/A/339/A/2901-F,N • MC3302-N 

the input voltage, which was negative, again returns to a value greater than -0.3Vdc. 

4. Positive excursions of input voltage may exceed the powersupply level. As long as the 
other voltage remains within the common-mode range, the comparator will provide a 
proper output state. The low input voltage state must not be less than -0.3Vdc (or 
0.3Vdc below the magnitude of the negative power supply, if used). 

5. At output switch pointj Vo = 1.4Vdc, Rs = Ofl with V+ from 5Vdc to 30Vdc: and over the 
full input common-mode range (OVdc to V+ -1.5Vdc). 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage. 

7. The direction of the input current is out of the 1C due to the PNP input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the reference or input lines. 

8. The response time specified is fora lOOmV input step with a 5mV overdrive. For larger 
overdrive signals, 300ns can be obtained, see typical performance characteristics 
section. 

9. The MC3302 has supply current specified with a voltage range of 5 to 28 volts. 


TYPICAL APPLICATIONS 


TWO-DECADE HIGH-FREQUENCY VCO 



-TW 


AA 


LIMIT COMPARATOR 


V+ (12Vdc) 





CRYSTAL CONTROLLED OSCILLATOR 

v + 
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TYPICAL PERFORMANCE CHARACTERISTICS 













LM193/293/391 

wumm 


DESCRIPTION 


FEATURES 


LM193/293/393/193A/293A/393A/2903-N,T 

PIN CONFIGURATIONS 


The LM193 series consists of two independ¬ 
ent precision voltage comparators with an 
offset voltage specification as low as 2.0mV 
max for two comparators which were de¬ 
signed specifically to operate from a single 
power supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power supply current 
drain is independent of the magnitude of the 
power supply voltage. These comparators 
also have a unique characteristic in that the 
input common mode voltage range includes 
ground, even though operated from a single 
power supply voltage. 

The LM193 series was designed to directly 
interface with TTL and CMOS. When oper¬ 
ated from both plus and minus power sup¬ 
plies, the LM193 series will directly interface 
with MOS logic where their low powerdrain 
is a distinct advantage over standard com¬ 
parators. 


• Wide single supply voltage range 2.0Vdc 
to 36Vdc or dual supplies ±1.0Vdc to 
±18Vdc 

• Very low supply current drain (0.8mA) 
independent of supply voltage (2.0mW/- 
comparator at S.OVdc) 

• Low input biasing current 25nA 

• Low input offset current ±5nA and offset 
voltage ±3mV 

• Input common-mode voltage range in¬ 
cludes ground 

• Differential input voltage range equal to 
the power supply voltage. 

• Low output 250mV at 4mA saturation 
voltage 

• Output voltage compatible with TTL, 
DTL, ECL, MOS and CMOS logic sys¬ 
tems. 

APPLICATIONS 

• A/D converters 

• Wide range VCO 

• MOS clock generator 

• High voltage logic gate 

• Multivibrators 



EQUIVALENT CIRCUIT 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc supply voltage 

36 or ±18 

Vdc 

Differential input voltage 

36 

Vdc 

Input voltage 

-0.3 to +36 

Vdc 

Power dissipationi 



Molded DIP 

570 

mW 

Metal can 

900 

mW 

Output short circuit to ground2 

Continuous 


Input current (Vin < -0.3Vdc)3 

50 

mA 

Operating temperature range 



LM193/193A 

-55 to +125 

'*0 

LM293/293A 

-25 to +85 

°C 

LM393/393A 

0 to +70 

°C 

LM2903 

-40 to +85 

°C 

Storage temperature range 

-65 to +150 


Lead temperature (soldering 10 sec.) 

300 

°C 
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LM193/293/393/193A/293A/393A/2903-N ,T 

DC ELECTRICAL CHARACTERISTICS v+ = SVdc, LM193/193A; -55°C < Ta < +125°C unless otherwise specified. 

LM293/293A: -25°C < Ta < +85°C unless otherwise specified. 
LM393/393A: 0°C < Ta < +70°C unless otherwise specified. 

LM2903: -40°C < Ta < +85°C unless otherwise specified.7 






LM193A 

LM293A/393A 


LM2903 

nm 


PARAMETER 

TEST CONDITIONS 














Max 




[jJJI 

Typ 

Max 



mu 

Vos 

Input offset voltages 

Ta = 25°C 


Hill 

±2.0 


±1.0 

±2.0 


±2.0 

±7.0 

mV 



Over temp. 


m 

±4.0 



±4.0 


±9 

±15 


VcM 

Input common mode 

Ta = 25°C 


■ 

EBB 

0 


V+-1.5 

0 


V+-1.5 

V 


voltage ranges,io 

Over temp. 


■ 


0 


V+-2.0 

0 


V+-2.0 


VidR 

Differential input 

Keep all Vin s ^ OVdc 



v+ 



V+ 



V+ 

V 


voltage^ 

(or V-if need) 











Ib 

Input bias currents 

liN(+) or liN(-) with output in 

■ 












linear range 

Ta = 25°C 

1 


100 


25 

250 


25 

250 




Over temp. 

■ 


300 



400 


200 

500 

nA 

los 

Input offset current 

I|N(+) - llN(-) 

Ta =25°C 

1 




±5.0 

±50 


±5 

±50 

nA 



Over temp. 

■ 





±150 


±50 

±200 

nA 

lOL 

Output sink current 

ViN(-) > IVdc, ViN(+) == 0. 



mu 










Vo< 1.5Vdc, 













Ta = 25°C 




6.0 

16 


6.0 

16 


mA 

lOH 

Output leakage 

ViN(+) ^ 1Vdc, ViN(-) = 0 

■ 











current 

Vo = 30Vdc 

Over temp. 

1 


m 



1.0 



1.0 

mA 



Vo = SVdc, Ta = 25°C 

■ 




0.1 



0.1 


na 

Icc 

Supply current 

Rl = 00 on both comparators. 



fm 










Ta = 25°C 





0.8 

1 


0.8 

1 

mA 



V+ = 30V, over temp. I 



E9 


1 

2.5 


1 

2.5 ! 


Av 

Voltage gain 

Rl> 15ka V+ = 15Vdc 

50 

200 



200 


m 

100 

mu 


VoL 

Saturation voltage 

ViN(-} ^ IVdc, V|N(+) = 0, 







m 








250 

400 


250 

400 

1 


m 







700 



700 

■ 




Tlsr 

Large signal 

ViN = TTL logic swing, 





BggiB 







response time 

VREF = 1.4Vdc, 













VRL = 5Vdc. RL = 5.1ka 













Ta = 25°C 











Tr 

Response time9 

VRL = 5Vdc, RL = 5.1ka 


1.3 



1,3 



1.3 


MS 



Ta = 25°C 







_ 
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LM193/293/393/193A/293A/393A/2903-N,T 

DC ELECTRICAL CHARACTERISTICS (Cont’d) V+ = 5Vdc, LM193/193A: -55“C < Ta < +125°C unless otherwise specified. 

LM293/293A: -25° C < Ta <+85°C unless otherwise specified. 
LM393/393A: 0°C < Ta <+70°C unless otherwise specified. 
LM2903: -40°C < Ta <+85° C unless otherwise specified.7 




■ 


LM193 

LM293/393 



PARAMETER 

TEST CONDITIONS 







UNIT 


Min 

Typ 

Max 

Min 

Typ 

Max 




Vos 

Input offset voltages 

Ta = 25°C 


±2.0 

±5.0 


±2.0 

±5.0 

mV 



Over temp. 



±9.0 



±9.0 


VCM 

Input common mode voltage 

Ta = 25°C 

0 


V±-1.5 

0 


V±-1.5 

V 


ranges,10 

Over temp. 

0 


V±t-2.0 

0 


V±-2.0 


ViDR 

Differential input voltage^ 

Keep all Vin’s > OVdc 



V+ 



v+ 

V 



(or V-if need) 




■ 




Ib 

Input bias currents 

I|N(+) or liN(-) with output in 


■ 








linear range 

Ta = 25°C 


25 

100 

■ . 

25 

250 




Over temp. 



300 



400 

nA 

los 

Input offset current 

I|N(+) - l|N(-) 

Ta = 25°C 


±3.0 

±25 


±5.0 

±50 

nA 



Over temp. 



±100 



±150 

nA 

lOL 

Output sink current 

ViN(-) ^ IVdc, V|N(+) = 0, 










Vo<1.5Vdc, 

Ta = 25°C 

6.0 

16 


6.0 

16 


mA 

lOH 

Output leakage current 

V|N(+) ^ 1Vdc, ViN(-) - 0 










Vo = 5Vdc, 

Ta=25°C 


0.1 



0.1 


nA 



Vo = 30Vdc, over temp. 


_I 

1.0 



1.0 

juA 

Icc 

Supply current 

Rl = 00 on both comparators 

■ 



■ 



m 



Ta = 25°C 










V+ = 30V, over temp. 

■ 



■ 



H 

Av 

Voltage gain 

Rl > 15Kn, V+ = 15Vdc 

iO 



50 



V/mV 

VoL 

Saturation voltage 

V|N(-) ^ 1Vdc, V|N(+) = 0, 










IsiNK ^ 4mA 

Ta = 25°C 



400 


250 

400 




Over temp. 






700 

mV 

Tlsr 

Large signal response tirtie 

ViN = TTL logic swing, 

Vref = 1.4Vdc, VRL = 5Vdc, 





. 

■ 

■ 



RL = 5.1ka 

Ta = 25°C 


300 



300 

■ 

m 

Tr 

Response timeo 

__^_ 1 

VRL = 5Vdc, 

RL = 5.1ka 

Ta = 25°C 


1.3 



1.3 


MS 


NOTES 

1. For operating at high temperatures, the LM393/393A and LM2903 must be derated 
based on a 125°C maximum junction temperature and a thermal resistance of 
175°C/W which applies for the device soldered in a printed circuit board, operating in 
a still air ambient. The LM193/193A/293/293A must be derated based on a 150°C 
maximum junction temperature. The low bias dissipation and the “On-Off” 
characteristics of the outputs keeps the chip dissipation very small (Pd lOOmW), 
provided the output transistors are allowed to saturate. 

2. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. 

3. This input current will only exist when the voltage at any of the input leads is driven 
negative. It is due to the collector-base junction of the input PNP transistors becoming 
forward biased and thereby acting as input diode clamps. In addition to this diode 
action, there is also lateral NPN parasitic transistor action on the 1C chip. This 
transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is 
driven negative. This is not destructive and normal output states will re-establish when 
the input voltage, which was negative, again returns to a value greater than -0.3Vdc. 

4. Positive excursions of input voltage may exceed the powersupply level. As long as the 


other voltage remains within the common-mode range, the comparator will provide a 
proper output state. The low input voltage state must not be less than -0.3Vdc (Vdc 
below the magnitude of the negative power supply, if used). 

5. At output switch point, Vo= 1.4Vdc, Rs ="00 with V+from 5Vdc to30Vdc;andoverthe 
full input common-mode range (OVdc to V+ -1.5Vdc). 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than 0.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage. 

7. With the LM293/293A, all temperature specifications are limited to -25°C < Ta < 
+85°C and the LM393/393A, all temperature specifications are limited to 0°C <Ta< 
+70°C. The LM2903 is limited to -40° C < Ta <85° C. 

8. The direction of the input current is out of the 1C due to the PNP input stage. This 
current is essentially constant, independent of the state of the output so no loading 
change exists on the reference or input lines. 

9. The response time specified is for a 10OmV input step with a 5mV overdrive. For larger 
overdrive signals, 300ns can be obtained, see typical performance characteristics 
section. 

10. For input signals that exceed Vcc, only the overdriven comparator is affected. With a 
5V supply, V(N should be limited to 25V max., and a limiting resistor should be used on 
all inputs that might exceed the positive supply. 
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NE521-F,N 


FEATURES 

• 12ns maximum guaranteed propagation 
delay 

• 20/iA maximum input bias current 

• TTL compatible strobes and outputs 

• Large common mode input voltage 
range 

• Operates from standard supply voltages 

• Military quaiifications pending 


APPLICATIONS 

• MOS memory sense amp 

• A-to-D conversion 

• High speed line receiver 


PIN CONFIGURATION 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 


Supply voltage 


V 

V+ 

Positive 

+7 


V- 

Negative 

-7 


V IDR 

Differential input voltage 

±6 

V 

V|N 

Input voltage 


V 


Common mode 

±5 



Strobe/gate 

+5.25 


Pd 

Power dissipation 

600 

mW 

Ta 

Operating temperature range 

Oto 70 


T:Stg 

Storage temperature range 

-65 to +150 



Lead temperature 

+300 

°C 


(solder, 60 sec) 




F,N PACKAGE 

INPUT 1A [T 


HI 'Z" 

INPUT IB [T 


Ts] V- 

NC [T 


31] INPUT 2A 

OUTPUT 1Y [T 


Til INPUT 2B 

STROBE 1G [T 


IcTI NC 

STROBE S [F 


"T] OUTPUT 2Y 

GROUND [T 


~8~1 STROBE 2G 

BLOCK DIAGRAM 


























NE521-F,N 


DC ELECTRICAL CHARACTERISTICS V+ = +5V, V- = -5V, = 0 to 70°C unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNITS 

Min 

Typ 

Max 

Vos 

: 

Input offset voltage 

V+ = +4.75V, V- = -4.75V 




mV 


At25°C 



6 

7.5 



Over temperature range 




10 


'bias 

Input bias current 

V+ = +5.25V, V- = -5.25V 




iuA 


At 25°C 



7.5 

20 



Over temperature range 




40 


'os 

Input offset current 

V+ = +5.25V, V- = -5.25V 




ma 


At25°C 



1.0 

5 



Over temperature range 




12 


VcM 

Common mode voltage range 

V+ = +4.75V, V- = -4.75V 

±3 



V 


Input current 

V+ = +5.25V, V- = -5.25V 





'iH 

High 

V|H = 2.7V 







1G or 2G strobe 



50 

IjA 



Common strobe S 



100 


l|L 

Low 

V|l = o.5V 







1G or 2G strobe 



-2.0 

mA 



Common strobe S 



-4.0 

mA 


Output voltage 

V|(S) =2.0V 




V 

Vqh 

High 

V+ = +4.75V, V- = -4.75V, ILOAD = -1mA 

2.7 

3.4 



^OL 

Low 

V+ = +5.25V, V- = -5.25V, • LOAD = 20mA 



0.5 



Supply voltage 





V 

V+ 

Positive 


4.75 

5.0 

5.25 


V- 

Negative 


-4.75 

-5.0 

-5.25 



Supply current 

V+ = 5.25V, V- = -5,25V, Ta = 25°C 




mA 

'cc+ 

Positive 



27 

50 


'cc- 

Negative 



-15 

-28 


'sc 

Short circuit output current 


-40 


-100 

iuA 


AC ELECTRICAL CHARACTERISTICS Ta = 25"C, Rl = 280n Cl = i5pF 



PARAMETER 

FROM 

TO 

LIMITS 

UNIT 


INPUT 

OUTPUT 

Min 

Typ 

Max 




Input resistance 




4 


kO 


Input capacitance 




3 


PF 

Large Signal Switching Speed 








Propagation delay 






ns 

*PLH(D) 

'PHL(D) 

'PLH(S) 

Low to highi 

Amp 

Output 


8 

12 


High to lowi 

Amp 

Output 


6 

9 


Low to high2 

Strobe 

Output 


4.5 

6 


*PHL(S) 

High to low2 

Strobe 

Output 


3.0 

4.5 



Maximum operating frequency 



40 

55 


MHz 

Small Signal Switching Speed 








Propagation delay 






ns 

PLH(D) 

Low to high3 

Amp 

Output 


12 

18 


PHL(D) 

High to low3 

Amp 

Output 


10 

15 



NOTES 

1. Response time measured from OV point of ±100mV p-p 10MHz square wave to the 1.5V point of the 
output 

2. Response time measured from 1.5V point of input to 1.5V point of the output 

3. Response time measured from the start of a lOOmV input step with 5mV overdrive to the 1.5V point 
of the output 
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INPUT BIAS CURRENT (/iA) PROPAGATION DELAY (ns) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) 


TYPICAL PERFORMANCE CHARACTERISTICS 


NE521-F,N 


RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 


RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 


RESPONSE TIME vs TEMPERATURE 
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_L--! 
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TPD (HL) 


•** 

































15 20 25 30 


60 20 +20 +60 +100 +140 

AMBIENT TEMPERATURE (°C) 


PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 





^- 

''s = +5V 

10MHz SQUARE 

WAVE INPUT 



TPD (l|) 











TPD (H 

L) 










_ 






PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 







n 
vs = + 

—1-- 

5V 1 






INPUT 






















n 









J 


1 

TPD (LH) 
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. 1 
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OUTPUT VOLTAGE vs AMBIENT 
TEMPERATURE 




--- 


Vo 


■ 




































































“““ 

_1_ 

— - 




10 20 30 40 50 60 70 

INPUT VOLTAGE (mVp-p) 


1000 

INPUT VOLTAGE (mVp-p) 


-75 -25 +25 +75 +125 

AMBIENT TEMPERATURE (°C) 


INPUT BIAS CURRENT vs 
AMBIENT TEMPERATURE 


INPUT OFFSET CURRENT vs AMBIENT 
TEMPERATURE 
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FEATURES 


APPLICATIONS PIN CONFIGURATION 


• 15ns maximum guaranteed propagation 
delay 

• 20iuA maximum input bias current 

• TTL compatible strobes and outputs 

• Open collector output for wire-OR’d ap¬ 
plications 

• Large common mode input voltage range 

• Operates from standard supply voltages 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 


Supply voltage 


V 

V+ 

Positive 

+7 


V- 

Negative 

-7 


V|DR 

Differential input voltage 

±6 

V 

V|N 

Input voltage 


V 


Common mode 

±5 



Strobe/gate 

±5.25 


pd 

Power dissipation 

600 

mW 

ta 

Operating temperature range 

0 to 70 

°C 

'•’stg 

Storage temperature range 

-65 to +150 


Lead temperature 

+300 



(solder, 60 sec) 




• MOS memory sense amp 

• A-to-D conversion 

• High speed line receiver 



(1) 

INPUT 1A 0-1 |N^ 

12) 

INPUT IB o—' r 


2 

L 

nr <^2) 

1- -O INPUT 2A 

_(11) 

(5) 

[?7 


(6) 

Si 

(9)__ 


L 

(8) 





EQUIVALENT SCHEMATIC 
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NE522-F,N 


DC ELECTRICAL CHARACTERISTICS V+ = +5V, V- = -5V, = 0 to 70°C unless otherwise specified 



PARAMETER 


LIMITS 

UNIT 


TEST CONDITIONS 

Min 

Typ 

Max 



< 

o 

0) 

Input offset voltage 

V+ = +4.75V, V- = -4.75V 




mV 


At 25° C 



6 

7.5 



Over temperature range 




10 


'bias 

Input bias current 

V+ = +5.25V, V- = -5.25V 




AfA 


At 25°C 



7.5 

20 



Over temperature range 




40 


'os 

Input offset current 

V+ = +5.25V, V- = -5.25V 




UiA 


At 25°C 



1.0 

5 



Over temperature range 




12 


Vcwi 

Common mode voltage range 

V+ = +4.75V, V- = -4.75V 

±3 



V 


Input current 

V+ = +5.25V, V- = -5.25V 





l|H 

High 

V,h=2.7V 

1G or 2G strobe 



50 

UlA 



Common strobe S 



100 

UiA 

l|L 

Low 

V|L = 0.5V 

1G 2G strobe 



-2.0 

mA 



Common strobe S 



-4.0 

mA 


Output voltage 





V 

—I 

o 

> 

Low 

V+ = +5.25V, V- = -5.25V, V| (S) = 2.0V 



0.5 



Output current 





UA 

'oh 

High 

'load = 20mA, Vcc+ = +4.75, 

Vcc- = -4.75V, Vqh = 5.25V 



250 



Supply voltage 





V 

v+ 

Positive 


4.75 

5.0 

5.25 


V- 

Negative 


-4.75 

-5.0 

-5.25 



Supply current 

V+ = 5.25V, V- = -5.25V, = 25°C 




mA 

lcc+ 

Positive 



27 

50 


'cc- 

Negative 



-15 

-28 



AC ELECTRICAL CHARACTERISTICS = 25°c, Rl = 2800 , Cl = i5pF 


PARAMETER 

FROM 

INPUT 

TO 

OUTPUT 

LIMITS 

UNIT 

Min 

Typ 

Max 


Input resistance 




4 


kn 


Input capacitance 




3 


pF 

Large Signal 

Switching Speed 








Propagation delay 






ns 

tPLH(D) 

Low to high^ 

Amp 

Output 


10 

15 


^PHL(D) 

High to low^ 

Amp 

Output 


8 

12 


*PLH(S) 

Low to high2 

Strobe 

Output 


6 

10 


*PHL(S) 

High to low2 

Strobe 

Output 


5 

8 



Maximum operating frequency 



25 

35 


MHz 

Small Signal 

Switching Speed 








Propagation delay 






ns 

*PLH(D) 

Low to high3 

Amp 

Output 


17 

25 


'PHL(D) 

High to low3 

Amp 

Output ! 


11 

17 



NOTES 

1. Response time measured from OV point of ±100mV p-p 10MHz square wave to the I.SV point of the 
output 

2. Response time measured from 1,5V point of input to 1.5V point of the output 

3. Response time measured from the start of a lOOmV input step with 5mV overdrive to the 1.5V point of 
the output 
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TYPICAL PERFORMANCE CHARACTERISTICS 


NE522-F,N 


RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 




RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 



RESPONSE TIME vs TEMPERATURE 
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NE/SE527-F,K,N 


DESCRIPTION 

The SE/NE527 is a high speed analog vol¬ 
tage comparator which, in the first time 
mates state-of-the-art Schottky diode tech¬ 
nology with the conventional linear proc¬ 
ess. This allows simultaneous fabrication 
of high speed T2L gates with a precision 
linear amplifier on a single monolithic chip. 
The SE/NE527 is similar in design to the 
Signetics SE/NE529 voltage comparator 
except that it incorporates a “Emitter Fol¬ 
lower” input stage for extremely low input 
currents. This opens the door to a whole 
new range of applications for analog vol¬ 
tage comparators. 


FEATURES 

• 15ns propagation delay 

• Complementary output gates 

• TTL or ECL compatible outputs 

• Wide common mode and differential vol¬ 
tage range 

• Mil std 883A,B,C available 

APPLICATIONS 

• A/D conversion 

• ECL to TTL interface 

• TTL to ECL interface 

• Memory sensing 

• Optical data coupling 


BLOCK DIAGRAM 



PIN CONFIGURATIONS 



EQUIVALENT SCHEMATIC 



SiQnDtiCS 
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NE/SE527-F,K,N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Positive supply voltage (VH-) 

+15 

V 

Negative supply voltage (VI-) 

-15 

V 

Gate supply voltage (V2+) 

+7 

V 

Output voltage 

+15 

V 

Differential input voltage 

±5 

V 

Input common mode voltage 

±6 

V 

Power dissipation 

600 

mW 

Operating temperature range 



NE527 

0 to +70 

‘’C 

SE527 

-55 to+125 

°C 

Storage temperature range 

-65 to +150 


Lead temperature (soldering, 60sec) 

+300 

°C 


DC ELECTRICAL CHARACTERISTICS Vi+ = iov. Vi- = -lov, V 2 + - +5 ov, Vin = ov* 


PARAMETER 

TEST CONDITIONS 

SE527 

NE527 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

INPUT CHARACTERISTICS 









Input offset voltage @ 25°C 




4 



6 

mV 

Over temperature range 




6 



10 

mV 

Input bias current @ 25°C 

Vi+ = 10V, Vi-=-10V 



2 



2 

/uA 

Over temperature range 

Vin = OV 



4 



4 

^A 

Input offset current @ 25°C 

Vi+ = 10V, Vi- = -10V 



0.5 



0.75 

mA 

Over temperature range 

Vin = OV 



1 



1 

mA 

Input impedance 

Ta = 25°C, f = 1kHz 


500 



500 


kn 

GATE CHARACTERISTICS 









Output voltage 
“1” State 

V 2 + = 4.75V, IsouRCE = -1mA 

2.5 

3.3 


2.7 

3.3 


V 

“0” State 

V 2 ^ = 4.75V, lsiNK = 10mA 



0.5 



0.5 

V 

Strobe inputs 









“0” Input current 

V 2 + = 5.25V, VSTROBE = 0.5V 



-2 



-2 

mA 

“1” Input current 25°C 

V 2 + = 5.25V, VsTROBE = 2.7V 



50 



100 

iuA 

Over temperature range 

V2-^ = 5.25 V, VSTROBE = 2.7V 



200 



200 

mA 

“0” Input voltage 

V 2 + = 4.75V 



0.8 



0.8 

V 

“1” Input voltage 

V 2 + = 4.75V 

2.0 



2.0 



V 

Short circuit 









Output current 

V 2 + = 5.25V, VouT = OV 

-18 


-70 

-18 


-70 

mA 

POWER SUPPLY REQUIREMENTS 









Supply voltage 









Vi+ 


5 


10 

5 


10 

V 

Vi- 


-6 


-10 

-6 


-10 

V 

V2+ 


4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Supply current 

Vi+ = 10V, Vi-=-10V 









V 2 + = 5.25V 









Over temp. 



5 



5 

mA 

h- 

Over temp. 



10 



10 

mA 

I2+ 

Over temp. 



20 



20 

mA 


*NOTE 


Parameters are guaranteed over the temperature range unless otherwise specified. 
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NE/SE527-F,K,N 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Transient response propagation delay time 

V|N = ±100mV step 





tpLH 

Ta-25°C 


16 

26 

ns 

tPHL 



14 

24 

ns 

Delay between output A and B 



2 

5 

ns 

Strobe delay time 






ton Turn-on time 



6 


ns 

toff Turn-off time 



6 


ns 


TYPICAL PERFORMANCE CHARACTERISTICS 



5H|nDtiC5 
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APPLICATIONS 

One of the main features of the device is that 
supply voltages (V1+, VI-) need not be 
balanced, as indicated in the following dia¬ 
grams. For proper operation, however, neg¬ 
ative supply (V1-) should always be at least 
six volts more negative than the ground 
terminal (pin 6). Input Common Mode range 
should be limited to values of two volts less 
than the supply voltages (V1+and V1 -) up to 
a maximum of ±6 volts as supply voltages 
are increased. 

It is also important to note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 

TYPICAL APPLICATIONS 


PHOTODIODE DETECTOR 
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NE/SE529-F.K,N 


DESCRIPTION 


FEATURES 


PIN CONFIGURATION 


The SE/NE529 is a high speed analog volt¬ 
age comparator which, for the first time 
mates state-of-the-art Schottky diode tech¬ 
nology with the conventional linear proc¬ 
ess. This allows simultaneous fabrication of 
high speed T2L gates with a precision linear 
amplifier on a single monolithic chip. 


• 10ns propagation delay 

• Complementary output gates 

• TTL or ECL compatible outputs 

• Wide common mode and differential volt¬ 
age range 

APPLICATIONS 

• A/D conversion 

• ECL to TTL interface 

• TTL to ECL interface 

• Memory sensing 

• Optical data coupling 

• Mil std 883A,B,C available 


F,N PACKAGE 




ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Positive supply voltage (V1+) 

+15 

V 

Negative supply voltage (V1-) 

-15 

V 

Gate supply voltage (V2+) 

+7 

V 

Output voltage 

+15 

V 

Differential Input voltage 

±5 

V 

Input common mode voltage 

±6 

V 

Power dissipation 

600 

mW 

Operating temperature range 



NE529 

0 to +70 

°C 

SE529 

-55 to +125 

°C 

Storage temperature range 

-65 to +150 


Lead temperature 



(soldering, 60 sec) 

+300 




BLOCK DIAGRAM 



EQUIVALENT SCHEMATIC 




sionotics 
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NE/SE529-F,K,N 


DC ELECTRICAL CHARACTERISTICS Vi-f = +l 0 V,V 2 + = +5.0V,Vi- = -10V,ViN = 0V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE529 

NE529 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

INPUT CHARACTERISTICS 

Input offset voltage @25°C 




4 

■ 

■ 

6 

mV 

Over temperature range 




6 




mV 

Input bias current @25° C 

Vi+ = 10V, Vi-=-10V 

■m 


■a 

B 

B 


■B 

Over temperature range 

ViN = ov 

m 


imgi 

B 

B 


BB 

Input offset current @25°C 

V1+ = 10V, V1- = -10V 



B 


IB 


iuA 

Over temperature range 

< 

z 

II 

o 

< 

im 


B 


B 

15 

iuA 

Input impedance 

Ta = 25°C, f-1kHz 


10 



_ 10 


kn 

GATE CHARACTERISTICS 

Output voltage 






■ 



“1” state 

V2+ = 4.75V, lsource--1mA 







V 

“0” state 

V2+ = 4.75V, lsink = 10mA 





Ib 


V 

Strobe inputs 









“0” input current 

V2+ = 5.25V, Vstrobe = 0.5V 



-2 



-2 

mA 

“1” input current @25°C 

V2+ = 5.25V, Vstrobe = 2.7V 



50 



100 

mA 

Over temperature range 

V2+ = 5.25V, Vstrobe = 2.7V 



200 



200 

^lA 

“0” input voltage 

V2+ = 4.75V 



0.8 



0.8 

V 

“1” input voltage 

V 2 T = 4.75V 

2.0 



2.0 

HU 


V 

Short circuit 









Output current 

V 2 + = 5.25V, VoUT = OV 

-18 


-70 

-18 


-70 

mA 

POWER SUPPLY REQUIREMENTS 
Supply voltage 









Vi+ 


5 


10 

5 


10 

V 

Vi- 


-6 


-10 

-6 


-10 

V 

V2+ 


4.5 

5 

5.5 

4.75 

5 

5.25 

V 

Supply current 

Vi+ = 10V, Vi- = -10V 


■llll 


llllll 

lllilill 




V 2 + - 5.25V 


■ 






li+ 

Over temp. 



5 



5 

mA 

h- 

Over temp. 



10 



10 

mA 

l2+ 

Over temp. 



20 



20 

mA 


AC ELECTRICAL CHARACTERISTICS Ta = 25 °c 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Transient response 

ViN = ±100mV step 





Propagation delay time 






tPLH 



12 

22 

ns 

tPHL 



10 

20 

ns 

Delay between output 



2 

5 

ns 

A and B 






Strobe delay time 






toN turn-on time 



6 


ns 

toFF turn-off time 



6 


ns 


Parameters are guaranteed over the temperature range unless otherwise specified. 


284 


Bignotics 


































SignDtiGB 



























NE/SE529-F,K,N 


APPLICATIONS 

One of the main features of the device is that 
supply voltages (V1+, VI-) need not be 
balanced, as indicated in the following dia¬ 
grams. For proper operation, however, neg¬ 
ative supply (V1-) should always be at least 
five volts more negative than the ground 
terminal (pin 6). Input Common Mode range 
should be limited to values of two volts less 
than the supply voltages (VH- and V1 -) up to 
a maximum of ±6 volts as supply voltages 
are increased. 

It is also important to note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 


TYPICAL APPLICATIONS 

PHOTODIODE DETECTOR 



ECL TO TTL INTERFACE 


+5V 



MOS MEMORY SENSE AMP 



TTL TO ECL INTERFACE 
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/XA710-F/N/N-14/T 


DESCRIPTION 

The jliA 710 is a High Speed Differential 
Voltage Comparator featuring low offset 
voltage, high sensitivity and a wide input 
voltage range. It is ideally suited for use as a 
pulse height discriminator, an analog com¬ 
parator or a digital line receiver. The output 
structure of the )uA710 is compatible with 
DTL, TTL and Utilogic integrated circuits. 

The ^710 is specified for operation over 
the MIL temperature range of -55°C to 
+125°C. The mA 710C is specified for opera¬ 
tion over the commercial/industrial tem¬ 
perature range of 0°C to +75° C. 


BLOCK DIAGRAM 



FEATURES 

• Fast response-~-40ns 

• High sensitivity—1.7V/mV 

• Low offset voltage temperature 
coefficient—3.5/1 V/°C 

• High Input voltage range—±5.0V 

• Mil std 883A,B,C available 


EQUIVALENT SCHEMATIC 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Positive supply voltage 

+14.0 

V 

Negative supply voltage 

-7.0 

V 

Peak output current 

10 

mA 

Differential input voltage 

±5.0 

V 

Input voltage 

±7.0 

V 

Internal power dissipation4 



TO-99 

300 

mW 

TO-91 

200 

mW 

Operating temperature range 



/4A710 

-55 to +125 

°C 

/iA710C 

0 to +75 

°C 

Storage temperature rage 

-65 to +150 

°C 

Lead temperature 

300 

°C 

(soldering, 60sec) 
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mA710-F/N/N-14/T 


DC ELECTRICAL CHARACTERISTICS Ta = 25° C, V+ = 12V, M~ = 6.0V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

a^azio 

/xA710C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltages 

Rs < 2000 


0.6 

2.0 


1.6 

5.0 

mV 

Input offset currents 



0.75 

3.0 


1.8 

5.0 

mA 

Input bias current 



13 

20 


16 

25 

mA 

Voltage gain 


1250 

1700 


1000 

1500 



Output resistance 



200 



200 


a 

Output sink current 

AVin > 5mV, VouT = 0 

2.0 

2.5 


1.6 



mA 

Response time2 

The following specifications apply for; 


40 



40 


ns 

A4A710 

-55°C<Ta<+125°C 








AtA710C 

0° < Ta < +75° C 








Input offset voltages 

Rs<200n 



3.0 



6.5 


Average temperature coefficient 

Rs = 500, Ta = +25° C to +125°C 


3.5 

10 




mV/°C 

of input offset voltage 

Rs = 500, Ta = +25° C to -55° C 


2.7 

10 






Rs = 500, Ta = 0°C to +75° C 





5 

20 


Input offset currents 

Ta = +125°C 


0.25 

3.0 




mA 


Ta = -55° C 


1.8 

7.0 




mA 


TA=0°Cto +75° C 






7.5 

mA 

Average temperature coefficient 

TA = +25°Cto+125°C 


5.0 

25 




nA/°C 

Input offset current 

TA = +25°Cto -55° C 


15 

75 




nA/°C 


Ta =+25°Cto+75°C 





15 

50 

mA/°C 


TA = +25°Cto 0°C 





24 

100 

mA/°C 

Input bias current 

Ta = -55° C 


27 

45 




mA 


Ta = 0°C 





25 

40 

luA. 

Input common mode voltage 

V-=-7.0V 

±5.0 



±5.0 



V 

range 









Common mode rejection ratio 

Rs<2000 ' 

80 

100 


70 

98 


dB 

Differential input voltage range 


±5.0 



±5.0 




Voltage gain 


1000 



800 




Positive output level 

AVin ^ 5mV, 0 < 1ouT ^ 5.0mA 

2.5 

3.2 

4.0 

2.5 

3.2 

4.0 

V 

Negative output level 

AVin > 5mV 

-1.0 

-0.5 

■ 0 

1 

-1.0 

-0.5 

0 

V 

Output sink current 

Ta = +125° C, AViN > 5mA, VouT = 0 

0.5 

1.7 





mA 


Ta = -55° C, AVin > 5mV, VouT = 0 

1.0 

2.3 





mA 


Ta = 0° C to+75° C, AVin > 5mV, VouT=0 



■ 

0.5 



mA 

Positive supply current 

VoUT < 0 


5.2 

9.0 


5.2 

9.0 

mA 

Negative supply current 



4.6 

7.0 


4.6 

7.0 

mA 

Power consumption 



90 

150 


90 

150 

mW 


NOTES 

1. All voltages are referenced to ground. 

2. The response time specified is measured with a lOOmV input step, and a 5mV 
overdrive. 

3. Input Offset Voltage and Input Offset Current are specified for output voltage levels 
of; 


mA710 

1.8V at -55° C 
1.4V at +25° C 
1.0V at+125°C 

4. Rating applies for temperatures up to; 
mA710 — +125°C 
mA710C — +75° C 


mA 710C 
1.5V at 0°C 
1.4V at +25° C 
1.2V at +75° C 
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mA711-F,K,N 


DESCRIPTION 

The /zA711 High Speed Dual Voltage Com¬ 
parator features low offset voltage, high 
sensitivity and a wide input voltage range. It 
is ideal for use as a bi-directional limit 
detector in automatic test equipment. 

Due to fast response and strobe control 
capabilities the juA711 performs well as a 
sense amplifier in core memory systems. 

The /uA711 is specified over the military 
temperature range of -55 °C to -f 125 °C. The 
/uA711C is specified over the commercial/ 
industrial temperature range of 0°C to 
+75 °C. 

FEATURES 

• Fast response~40ns 

• Hlghsensitivity-“1.5V/mV 

• Low offset voltage temperature 
coefficient—SjuV/ °C 

• High input voltage range—±5.0V 

• Mil std 883A,B,C available 


LOGIC DIAGRAM 



PIN CONFIGURATION 



CIRCUIT SCHEMATIC 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Positive supply voltage 

+14.0 

V 

Negative supply voltage 

-7.0 

V 

Peak output current 

50 

mA 

Differential input voltage 

±5.0 

V 

Internal power dissipation4 

300 

mW 

Operating temperature range 



mA711 

-55 to+125 

°C 

mA711C 

0 to +75 

°C 

Storage temperature range 

-65 to+150 

°C 

Lead temperature (soldering, 60sec) 

300 

°C 


SiQIIDtiCB 
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mA711-F,K,N 


DC ELECTRICAL CHARACTERISTICS Ta = 25'’C,V+= 12.0V, V- =-6.0V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

mA711 

AtA711C 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input offset voltage 

VouT = +1.4V, Rs < 2000, VcM = 0 


1.0 

3.5 


1.0 

5.0 

mV 


VOUT-+1.4V, Rs<2000 


1.0 

5.0 


1.0 

7.5 

mV 

Input offset current 

VoUT=^ +1.4V 


0.5 

10.0 


0.5 

15.0 

mA 

Input bias current 



25 

75 


25 

100 

mA 

Voltage gain 


750 

1500 


700 

1500 



Response time2 



40 


■■B 



|||BB||| 

Strobe release time 



12 

HU 


12 


H9i 

Input common mode voltage range 

V- = -7.0V 

±5.0 



±5.0 



n 

Differential input voltage range 


±5.0 


HH 

±5.0 



Dl 

Output resistance 



200 

HH 

IBH 



— 

Positive output level 

ViN^ lOmV 


4.5 


■1 

IB 


■1 

Loaded positive output level 

ViN> lOmV, lo = 5mA 

2.5 

3.5 

■1 




mm 

Negative output level 

ViN ^ lOmV 

-1.0 

-0.5 

n 

BBB 



B 

Strobed output level 

VsTROBE <0.3V 

-1.0 


■■ 

IHH 

B1 


B 

Output sink current 

V|N ^ lOmV, VouT > 0 

0.5 

0.8 



iQm 


mA 

Strobe current 

VSTROBE = 100mV 


1.2 

2.5 


1.2 



Positive supply current 

VoUT^O 


8.6 



8.6 



Negative supply current 



3.9 



3.9 



Power consumption 



130 

200 


130 

230 

mW 

The following specifications apply over the temperature range of: -55 °C < Ta < +125' 

C for the /LtA711 






0 °C < Ta < +75 °C for the 1C 





Input offset voltages 

Rs<2000, VcM = 0 



4.5 






Rs<2000 



6.0 





Input offset currents 




20 





Input bias current 




150 





Temperature coefficient of input 



5.0 



5.0 


mV/°C 

Offset voltage 









Voltage gain 


500 



500 





NOTES 

1. All voltages are referenced to pin 1. 

2. The response time specified is for a lOOmV input step, with a 5mV overdrive. 

3. The input offset voltage and input offset current are specified for a logic threshold 
voltage of: 

mA711 mA711C 

1.8V at-55° C 1.5VatO°C 

1.4 V at+25° C 1,4V at+25° C 

1.0V at+125° C 1.2V at+75° C 

4. Rating applies for temperatures up to; ^A711—+125°C 

mA711C — +75° C 
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DESCRIPTION 

The 55325 and 75325 are monolithic inte¬ 
grated circuit memory drivers with logic 
inputs and are designed for use with mag¬ 
netic memories. 

The devices contain two 600-milliampere 
source-switch pairs and two 600- 
milliampere sink-switch pairs. Source se¬ 
lection is determined by one of two logic 
inputs, and source turn-on is determined by 
the source strobe. Likewise, sink selection 
is determined by one of two logic inputs, 
and sink turn-on is determined by the sink 
strobe. This arrangement allows selection 
of one of the four switches and its subse¬ 
quent turn-on with minimum time skew of 
the output current rise. 

The 55325 is characterized for operation 
over the full military temperature range of 
-55° C to 125°C: the 75325 is characterized 
for operation from 0°C to 70° C. 

When Pint and node R are connected to¬ 
gether, the amount of base drive available 
for the source-1 or source-2 output transis¬ 
tor is set internally by a 575-ohm resistor. 
This method provides adequate base drive 
for source currents up to 375mA with a VcC 2 
voltage of 15 volts or 600mA with a Vcc 2 
voltage of 24 volts. 

When source currents greater than 375mA 
are required, it is recommended that a resis¬ 
tor of the appropriate value be connected 
between Vcc2 and node R and Rjnt must 
remain open. By using this method the 
source base current may usually be regulat¬ 
ed within ±5%. An advantage of this method 
of setting the base drive is that the power 
dissipated by this resistor is external to the 
package and allows the integrated circuit to 
operate at higher source currents for a given 
junction temperature. 

Each sink-output collector has an internal 
pull-up resistor in parallel with a clamping 
diode connected to VcC 2 . This arrangement 
provides protection from voltage surges 
associated with switching inductive loads. 

FEATURES 

• 600mA output capability 

• Fast switching times 

• Output short-circuit protection 

• Dual sink and dual source outputs 

• Minimum time skew between address 
and output current rise 

• 24 voit output capabiiity 

• Source base drive externally adjustable 

• TTL or DTL compatibility 

• Input clamping diodes 


BLOCK DIAGRAM 


PIN CONFIGURATION 



I—O INPUT B 


I—O INPUT D 


F,N PACKAGE 

SOURCE r— 
COLLECTORS LL 

OUTPUT W [T] 

INPUT A [T 

(s, K 

STROBES - 

|s2 Cl 

INPUT C 

OUTPUT Y Cl 

GND 


Te] vcc2 

Is] OUTPUT X 

ITl INPUT B 

TTI NODE R 

jU R|NT 

TT] INPUT D 

To] OUTPUT Z 

~9~| Vcci 

ORDER PART NO. 

55325F 

75325F 

75325N 



TRUTH TABLE 


ADDRESS 

INPUTS 

STROBE 

iNPUTS 

OUTPUTS 

SOURCE 

SINK 

SOURCE 

SINK 

SOURCE 

SINK 

A 

B 

C 

D 

S1 

S2 

W 

X 

Y 

Z 

L 

H 

X 

X 

L 

H 

ON 

OFF 

OFF 

OFF 

H 

L 

X 

X 

L 

H 

OFF 

ON 

OFF 

OFF 

X 

X 

L 

H 

H 

L 

OFF 

OFF 

ON 

OFF 

X 

X 

H 

L 

H 

L 

OFF 

OFF 

OFF 

ON 

X 

X 

X 

X 

H 

H 

OFF 

OFF 

OFF 

OFF 

H 

H 

H 

H 

X 

X 

___I 

OFF 

OFF 

OFF 

OFF 


NOTE 

Not more than one output is to be on at any one time. 


H = high level, L = low level, X = irrelevant 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

55325 

75325 

Supply voltage Vcci"* 

7 

7 

V 

Suppy voltage Vcc22 

25 

25 

V 

Input voltage (any address or strobe input) 

5.5 

5.5 

V 

Continuous total dissipation at (or below) 




100°C case temperature2 

1 

1 

w 

Operating free-air temperature range 

-55 to +125 

0 to +70 

°c 

Storage temperature range 

-65 to +150 

-65 to +150 

°c 

Lead temperature 1/16 inch from case 

300 

300 

°G 

for 60 seconds F package 




Lead temperature 1/16 inch from case 

260 

260 

°C 

for 10 seconds N package 





NOTES 

1. Voltage values are with respect to network ground terminal 

2. For operation above 100°C case temperature, refer to Dissipation Derating Curve, 
Figure 8. For dissipation ratings in free-air, see Figure 9. 
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55/75325-F,N 


EQUIVALENT SCHEMATIC 



NOTE 

All resistors values are typical and in ohms, 


sinnotics 
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55/75325-F,N 


DC ELECTRICAL CHARACTERISTICS Ta = 25° C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

55325 

75325 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

ViH High-level Input voltage 


2 



2 



V 

ViL Low-level input voltage 




0.8 



0.8 

IHH 

Vi Input clamp voltage 

Vcci = 4.5V, VcC 2 = 24V, 
li = -10mA, Ta = 25°C 

.. 

-1.3 

-1.7 





l(off) Source-collectors terminal 
off-state current 

Vcci = 4.5V, 

VcC 2 = 24V 

Full ranges 
Ta = 25°C 




■ 


m 


VoH High-level sink output voltage 

Vcci = 4.5V, Vcc 2 = 24V, 

\o = 0 

19 

23 


19 

23 


D 

V(sat) Saturation voltages 

Source outputs 

Sink outputs 

Vcci = 4.5V, 

VcC 2 = 15 V, 

Rl = 24n, 

l(source) “600mA4 

Vcci = 4.5V, 

VcC 2 = 15V, 

Rl = 240, 

I (sink) 600m A4 

Full ranges 

Ta = 25° C 

Full ranges 

Ta = 25°C 

1 

0.43 

0.43 

0.9 

0.7 

0.9 

0.7 


0.43 

0.43 

0.9 

0.75 

0.9 

0.75 

V 

li Input current at 

max input voltage 

Address inputs 
Strobe inputs 

Vcci = 5.5V, Vcc 2 = 24V, 

Vi = 5.5V 


■ 

Hi 

■ 

■ 

1 

2 

mA 

liH High-level input 

current 

Address inputs 
Strobe inputs 

Vcci =5.5V, VcC 2 =24V, 

Vi = 2.4V 


H 

40 

80 

■ 

3 

6 

40 

80 

mA 

liL Low-level input 

current 




-2 

-1.6 

-3.2 

■ 

H 

-1.6 

-3.2 

mA 

lcc(off) Supply current, all 
sources & sinks off 

From Vcci 

From VcC 2 

•Vcci = 5.5V, VcC 2 = 24V, 

Ta = 25°C 


14 

7.5 

22 

20 


14 

7.5 

22 

20 

Ifll 

Icci Supply current from Vcci, 
either sink on 

Vcci = 5.5V, Vcc 2 = 24V, 
l(sink) — 50mA, Ta = 25° C 



70 



70 

imQiii 

Icc 2 Supply current from Vcc 2 , 
either source on 

Vcci = 5.5V, Vcc 2 = 24V, 

1 (source) ~ “50mA, Ta ~ 25° C4 


32 

50 


32 

50 

mA 


NOTES 


1. Over rated operating free-air temperature range, uniess otherwise specified. 

2. Not more than one output is to be on at any one time. 

3. Full range for 55325 is -55° C to +125°C and for 75325 is 0°C to +70°C. 

4. These parameters must be measured using pulse techniques, tw = 200/iS, duty cycle < 
2 %. 


AC ELECTRICAL CHARACTERISTICS Vcci = 5V, Ta = 25°C unless otherwise specified. 


PARAMETER* 

TO (OUTPUT) 

TEST 

FIGURE 

TEST CONDITIONS 

LIMITS 

___ 

UNIT 

Min 

Typ 

Max 

tpLH 

tPHL 

Source collectors 

1 

VCC 2 = 15V, RL = 24n 

Cl = 25pF 

■ 


m 

ns 

tTLH 

tTHL 

Source outputs 

2 

VcC 2 = 20V, Rl = ikn 

Cl = 25pF 

■ 



ns 

tpLH 

tPHL 

Sink outputs 

1 

VcC 2 = 15V, Rl = 240 

Cl = 25pF 

■ 

m 

m 


tTLH 

tTHL 

Sink outputs 

2 

VcC 2 = 15V, RL = 24n 

Cl = 25pF 


m 


ns 

ts 

Sink outputs 

1 

VcC2=15V, Rl = 240, 

Cl = 25pF 


15 

30 

ns 


NOTE 


*tPLH = propagation delay time, low-to-high-level output 
tPHL = propagation delay time, high-to-low-level output 
tTLH = transition time, low-to-high-level output 
tTHL = transition time, high-to-low-level output 
ts = storage time 
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TYPICAL PERFORMANCE CHARACTERISTICS 


TEST CIRCUIT 

15V 



NOTES 

All resistors values are typical and in ohms. 

1. The pulse generator has the following characteristics: 
ZouT = son, duty cycle < 1%. 

2. Cl includes probe and jig capacitance. 


TEST TABLE 


PARAMETER 

OUTPUT UNDER TEST 

INPUT 

CONNECT TO 5V 

tPLH and tPHL 

Source collectors 

A and S1 

B,C,D and S2 

B and S1 

A,C,D and S2 

tPLH, tpHL, 
tTLH, tTHL, 

and ts 

Sink output Y 

C and S2 

A,B,D and S1 

Sink output Z 

D and S2 

A,B,C and S1 


VOLTAGE WAVEFORMS 



FIGURE 1 SWITCHING TIMES 









TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 


55/75325-F,N 



I [r I Rint 1vcC2SOURcil 

I L^AAr-*COLLECTORS| 


1.0L ^ 

T'25pF < 
(SEE NOTE 2)1 


OOUTPUT X 
► Rl 1K 


All resistors values are typical and in ohms. 

1. The pulse generator has the following characteristics. 
ZouT = son, duty cycle < 1%. 

2. Cl includes probe and jig capacitance. 


TEST TABLE 

PARAMETER 

tTLH and tTHL 


OUTPUT UNDER TEST 

INPUT 

CONNECT TO 5V 

Source output W 

A and SI 

B,C,D and S2 

Source output X 

B and SI 

A,B,D and S2 


VOLTAGE WAVEFORMS 




FIGURE 2 TRANSITION TIMES OF SOURCE OUTPUTS 













55/75325-F,N 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


OFF-STATE CURRENT INTO 
SOURCE COLLECTORS vs 
FREE-AIR TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 

Ta - FREE-AIR TEMPERATURE — C 


FIGURE 3 


HIGH-LEVEL SINK OUTPUT VOLTAGE 
vs FREE-AIR TEMPERATURE 


— 




_ 

_ 











Vcc 

Vcc 

lo" 

SEE 

=^4.5 

J-24V 

0 

-IGUR 







E 2 































75 50 -25 0 25 50 75 100 125 


O 

^ 20 



Ta — FREE-AIR TEMPERATURE — C 

FIGURE 4 


SOURCE OR SINK SATURATION 
VOLTAGE vs SOURCE CURRENT 
OR SINK CURRENT 



250 300 350 400 450 500 550 600 650 


' (SOURCE) 0^^ '(SINK) ~ SOURCE 
CURRENT OR SINK CURRENT — mA 


FIGURE 5 


SOURCE OR SINK SATURATION 
VOLTAGE vs FREE-AIR TEMPERATURE 


0.8 

0.7 
0.6 

0,5 

0,4 

0.3 

0.2 
0.1 

0 

-75 -50 -25 0 25 50 75 100 125 

Ta - FREE-;AIR TEMPERATURE - C 



SUPPLY CURRENT, ALL SOURCES 
AND SINKS OFF vs FREE-AIR 
TEMPERATURES 


ICC 

(off) 















Vcci 

Vcci 

= 5.5V 
= 24V 






I 1 

— ICC2 (off)- 




_ 






-- 

— 

- 1 

—- 























IJ 



-75 -50 -25 0 25 50 75 100 125 

Ta - FREE-AIR TEMPERATURE - C 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



100 110 120 130 140 150 


TC - CASE TEMPERATURE - C 


FIGURE 6 


FIGURE 7 


FIGURE 8 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



Ta — FREE-AIR TEMPERATURE — C 


FIGURE 9 


NOTE 

Rated operating free-air temperature ranges must be observed regardlessof heat sinking. 
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DESCRIPTION 

The 75S207 is a high speed dual sense 
amplifier that is functionally equivalent and 
pin compatible to the SN75207. The im¬ 
proved input sensitivity of ±10mV makes it 
suitable as a MOS memory sense amplifier 
which can result in faster memory cycles. 
The 75S207 features less than 17ns propa¬ 
gation delay without sacrificing input per¬ 
formance characteristics. This is accom¬ 
plished through the utilization of Schottky 
technology. 

The 75S207 also features STTL compatible 
output levels with a minimum sink/source 
capability of 10 Schottky gate loads. 


EQUIVALENT SCHEMATIC 


FEATURES 

• Functionally equivalent and pin compati¬ 
ble to SN75207 

• 17ns maximum guaranteed propagation 
deiay 

• 20iuA maximum input bias current 

• STTL compatible strobes and outputs 

• Large common mode input voltage range 

• Operates from standard supply voltages 

APPLICATIONS 

• MOS memories sense amp 

• A/D conversion 

• High speed line receiver 


PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Positive supply voltage (V+) 

+7 

V 

Negative supply voltage (V-) 

-7 

V 

Differential input voltage 

±6 

V 

Common mode input voltage 

±5 

V 

Strobe/gate input voltage 

+5.5 

V 

Power dissipation 

600 

mW 

Operating temperature rnage 

0 to 70 

°C 

Storage temperature range 

-65 to+150 

°C 

Lead temperature (soldering 60sec) 

+300 

°C 
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75S207-F,N 


DC ELECTRICAL CHARACTERISTICS V+ = +5.00, V- = -5.00, Ta = 0 to 70°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

75S207 

UNIT 

Min 

Typ 

Max 

AMPLIFIER INPUT 






Input offset voltage 

V+ - 4.75, V- - -4.75 



10 

mV 

Input bias current @ 25°C 

V+ = 5.25, V- = -5.25 


7.5 

20 

mA 

over temp, range 

V+ = 5.25, V- = -5.25 



40 

mA 

Input offset current @ 25°C 

V+ - 5.25, V- = -5.25 


1.0 

5 

mA 

over temp, range 

V+ - 5.25, V- = -5.25 



12 

+A 

Input common mode voltage range 

V+ = 4.75, V- = -4.75 

±3 



V 

Input resistance 



4 


kn 

Input capacitance 



3 

6 

PF 

Voltage gain 



5 


V/mV 

SCHOTTKY GATE/OUTPUT 






liH High level input current 

V+ = 5.25, V- = -5.25 





into 1G or 2G strobe 

ViH = 2.7V 



50 

mA 


ViH = 5.5V 



1 

mA 

liH High level input current 

V+ - 5.25, V- = -5.25 





into common strobe S 

ViH = 2.7V 



100 

mA 


ViH = 5.5V 



2 

mA 

liL Low level input current 

V+ = 5.25, V- = -5.25 



-2.0 

mA 

into1Gor2G 

ViL = 0.5V 





liL Low level input current 

V+ = 5.25, V- = -5.25 



-4.0 

mA 

into common strobe S 

ViL = 0.5V 





VoH High level output voltage 

V+ = 4.75, V|(S) = 2.0V 

2.7 

3.4 


V 


V- = -4.75 






• load = -1mA 





VoL Low level output voltage 

V+ = 4.75, V- = -4.75 



0.5 

V 


I LOAD = 20mA 






Vi(S) = 2.0V 





POWER SUPPLY REQUIREMENTS 



1 



Supply voltage 






V+ 


4.75 

5.00 

5.25 

V 

V- 


-4.75 

-5.00 

-5.25 

V 

lcc+ Supply current 

V+ = 5.25V 


20 

30 

mA 

Icc- 

V- = -5.25V 


-11 

-15 

mA 


Ta = 25°C 





los Short circuit 

V+ = 5.25 

-40 


-100 

mA 

output current 

V- = -5.25 





LARGE SIGNAL SWITCHING SPEED 






TpLH(D) Low to high propagation delay 

RL- 280n Cl= 15pF 


12 

17 

ns 

from amp inputs to outpufi 

Ta = 25°C 





TpHL(D) High to low propagation delay 

RL = 280n Cl = 15pF 


9 

13 

ns 

from amp inputs to outputi 

Ta = 25°C 





TpLH(S) Low to high propagation delay 

RL=-280n Cl = 15pF 


4.5 

6 

ns 

from strobes input to output2 

Ta-25°C 





TpHL(S) High to low propagation delay 

RL- 280fiCL = 15pF 


3.0 

4.5 

ns 

strobe Input to outputs 

Ta = 25°C I 





Maximum operating frequency 

RL- 280nCL=15pF 

40 

55 


MHz 


Ta-25°C 






NOTES 


1. Response time measured from OV point of ±100m\/ P-P 10MHz square wave to the 1.5 
point of the output. 

2. Response time measured from 1.5V point of input to 1.5V point of the output. 

3. Response time measured from the start of a lOOmV input step with 5mV overdrive to 
the 1,5V point of the output. 
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75S207-F,N 


TYPICAL PERFORMANCE CHARACTERISTICS 


RESPONSE TIME vs 
TEMPERATURE 



PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 





VS= +5V 
lOMHz SOU 
WAVE INP 

^RE 

UT 

V. 


>D (LH) 

Ta 

= 25°C 



i 







TPD (H 

JO 








— 


_I 






PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 






“1 

Vs= +5V 1 





1 

}MHz SQL 
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AR 

PU 

E 

T 
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9i 
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1000 

INPUT VOLTAGE - mVp-p 


OUTPUT VOLTAGE vs 
AMBIENT TEMPERATURE 


INPUT BIAS CURRENT vs 
AMBIENT TEMPERATURE 


INPUT OFFSET CURRENT vs 
AMBIENT TEMPERATURE 
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VARIOUS INPUT OVERDRIVES 


















75S208-F,N 


DESCRIPTION 

The 75S208 is a high speed dual sense 
amplifier that is functionally equivalent and 
pin compatible to the SN75208. The im¬ 
proved input sensitivity of ±10mV makes it 
suitable as a MOS memory sense amplifier 
which can result in faster memory cycles. 

The 75S208 features less than 17ns propa¬ 
gation delay without sacrificing input 
performance characteristics. This is ac¬ 
complished through the utilization of 
Schottky technology. It also features STTL 
compatible output levels with an open col¬ 
lector configuration for wired-AND logic 
applications. 


EQUIVALENT SCHEMATIC 


FEATURES 

• Functionally equivalent and pin compati¬ 
ble to 75208 

• 17ns maximum guaranteed propagation 
delay 

• 20/xA maximum input bias current 

• STTL compatible strobes and outputs 

• Open collector outputs 

• Large common mode input voltage range 

• Operates from standard supply voltages 

APPLICATIONS 

• MOS memories sense amp 

• A/D conversion 

• High speed line receiver 


PIN CONFIGURATION 




PARAMETER 

RATING 

UNIT 

Positive supply voltage (V+) 

+7 

V 

Negative supply voltage (V-) 

-7 

V 

Differential input voltage 

±6 

V 

Common mode input voltage 

±5 

V 

Strobe/gate input voltage 

+5.5 

V 

Power dissipation 

600 

mW 

Operating temperature range 

0 to + 70 

°C 

Storage temperature range 

-65 to +150 


Lead temperature (soldering 60sec) 

+300 
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75S208-F,N 


DC ELECTRICAL CHARACTERISTICS V+ = +5.00, V- = -5.00, Ta = 0 to 70°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

75S20B 

UNIT 

Min 

Typ 

Max 

AMPLIFIER INPUT 






Input offset voltage 

V+ = 4.75, V- = -4.75 



10 

mV 

Input bias current @ 25°C 

V+= 5.25, V-=-5.25 


7.5 

20 

mA 

over temp, range 

V+ = 5.25, V- = -5.25 



40 

mA 

Input offset current @ 25°C 

V+ = 5.25, V- = -5.25 


1.0 

5 

mA 

over temp, range 

V+ = 5.25, V- = -5.25 



12 

mA 

Input common mode voltage range 

Input resistance 

V+= 4.75, V-=-4.75 

±3 

4 


V 

kO 

Input capacitance 



3 

6 

pF 

Voltage gain 



5 


V/mV 

SCHOTTKY GATE/OUTPUT CHARACTERISTICS 






liH High level input current 

V+ = 5.25, V- = -5.25 





into 1G or 2G strobe 

ViH = 2.7V 



50 

mA 


ViH = 5.5V 



1 

mA 

liH High level input current 

V+ = 5.25, V- = -5.25 





into common strobe S 

ViH = 2.7V 



100 

mA 


ViH = 5.5 V 



2 

mA 

III Low level input current 

V+ = 5.25, V- = -5.25 



-2.0 

mA 

into 1G or 2G 

ViL = 0.5V 





liL Low level input current 

V+ = 5.25, V- = -5.25 



-4.0 

mA 

into common strobe S 

ViL = 0.5V 





VoL Low level output voltage 

V+ = 4.75, Vi(S) = 2.0V 

V- = -4.75 



0.5 

V 


Iload = 20mA 





lOH High level output voltage 

Vcc+ = 5.25 V 

Vcc- = -5.25V 

VoH = 5.25V 



250 

mA 

POWER SUPPLY REQUIREMENTS 






Supply voltage 

V+ 


4.75 

5.00 

5.25 

V 

V- 


-4.75 

-5.00 

-5.25 

V 

lcc+ Supply current 

V+ = 5.25V 


20 

30 

mA 

Icc- 

V- = -5.25V 

Ta = 25°C 


-11 

-15 

mA 

LARGE SIGNAL SWITCHING SPEED 

, 





TpLH(D) Low to high propagation delay 
from amp inputs to outputi 

RL = 280nCL= 15pF 

Ta = 25°C 


12 

17 

ns 

TpHL(D) High to low propagation delay 

RL = 280nCL = 15pF 


9 

13 

ns 

from amp inputs to outputi 

Ta = 25°C 





TpLH(S) Low to high propagation delay 

RL = 280nCL = 15pF 


6 

10 

ns 

from strobes input to output2 

Ta = 25°C 





TpHL(S) High to low propagation delay 

Rl = 2800 Cl = 15pF 


5 

8 

ns 

strobe input to outputs 

Ta = 25°C 





Maximum operating frequency 

RL = 280n Cl = 15pF 

Ta = 25°C 

25 * 

35 


MHz 


NOTES 

1. Response time measured from OV point of ±1 OOMHz square wave to the 1.5 point of the 
output. 

2. Response time measured from 1.5V point of input to 1.5V point of the output. 

3. Response time measured from the start of a lOOmV input step with 5mV overdrive to 
the 1.5V point of the output. 
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75S208-F,N 


TYPICAL PERFORMANCE CHARACTERISTICS 


RESPONSE TIME vs 
TEMPERATURE 


PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 


PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 
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7520/22/24/28/232/234 


DESCRIPTION 

The 7520 series of dual channel sense am¬ 
plifiers are designed for use with high speed 
core memory systems. These sense amplifi¬ 
ers detect low level bipolar differential sig¬ 
nals from the memory and provide the inter¬ 
face circuitry between the memory element 
and the logic system. The device outputs 
are compatible with TTL and DTL logic. 

The 7520 circuit may be used to perform the 
functions of a flip-flop or register which 
responds to the sense and strobe input con¬ 
ditions. 

The 7522 circuit has a high fan-out, single- 
ended, open-collector output. In addition, it 
may be used to expand the input capability 
to a 7520 device, or to perform the wired- 
AND function. 

The 7524 circuit provides for independent 
dual-channel sensing with separate out¬ 
puts. The 75234 is similar to the 7524, but 
has an inverted output function. The 75232 
is an open-collector version of the 75234. 
The 7528 circuit is identical in function to 
the 7524, but has the output of each pre¬ 
amplifier stage brought out to test points. 

FEATURES 

• High speed~25ns propagation delay 

• Adjustable input threshold levels 

• ±4mV threshold uncertainty 

• Wide choice of output functions 

• High dc noise margin 


PIN CONFIGURATIONS 


F,N PACKAGE 


7520 


NC (T 


TiT 

< 

o 

o 

INPUT A1 [T 


TTl strobe a 

INPUT A2 [T 


rT| GATE Q 

“''ref [±_ 


jX output q 

^''ref 


X] output q 

INPUT B1 [T 


TTI strobe b 

INPUT B2 [T 


X] GATEQ 

''CC- EH 


~9~| GND 

F,N PACKAGE 


7524 


NC [T 


o 

o 

INPUT A1 [T 


X] strobe a 

INPUT A2 [T 


IT] OUTPUT A 

“''ref [T 


TT] GND 2 

^''ref [X 


Til OUTPUT B 

INPUT B1 [T 


TT] strobe b 

INPUT B2 [T 


To] NC 

''cc-IZ 


~9~] GND 1 

F,N PACKAGE 


75232 


NC [T 


jU ''cc- 

INPUT A1 [X 


Ts] strobe a 

INPUT A2 (X 


TT] output a 

-''hefg: 


Til GND 2 

ref EH 


Til OUTPUT B 

INPUT B1 EX 


TT] strobe b 

INPUT B2 [X 


TF] NC 

''cc - [X 


X] GND 1 


F,N PACKAGE 


7522 


NC El 


m ''cc+ 

INPUT A1 [X 


Til STROBE A 

INPUT A2 [X 


TT] GATE Y 

-''ref [£ 


Ti] GND 2 

■^''ref CH 


Til OUTPUT Y 

INPUT B1 [X 


TT] STROBE B 

INPUT B2 El 


To] Rl 

ET 

o 

o 


Tl GND 1 

F,N PACKAGE 


7528 


NC El 


lE ''cc * 

INPUT A1 [X 


Til TEST POINT A 

INPUT A2 EX 


TT] STROBE A 

“''refg: 


Ti] OUTPUT A 

"■''ref EE 


Til OUTPUT B 

INPUT B1 EE 


TT] STROBE B 

INPUT B2 EX 


To] TEST POINT B 

Vcc-EL 


T] GND 

F,N PACKAGE 


75234 


Nc El 


3X1 ''cc + 

INPUT A1 EX 


Tij STROBE A 

INPUT A2 EX 


TT] OUTPUT A 

"■''ref El 


Ti] GND 2 

“''ref EE 


Tij OUTPUT B 

INPUT B1 EE 


TT] STROBE B 

INPUT B2 EX 


To] NC 

''cc - El 


XI OND 1 


ABSOLUTE MAXIMUM RATINGS 



PARAMETER 

RATING 

UNIT 

\/cc+ 

Supply voltage 

7 

V 

Vcc- 

Supply voltage 

-7 

V 

VlD 

Differential input voltage 

±5 

V 

V|N 

Input voltage 

5.5 

V 

VoUT 

Off-state voltage applied to 
open-collector outputs 

5.5 

V 

Ta 

Operating temperature range 

0 to “i-70 

°c 

Tstg 

Storage temperature range 

-55 to +150 

°c 

Pd 

Power dissipation 

500 

mW 
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BLOCK DIAGRAMS 
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7520/22/24/28/232/234 














7520/22/24/28/232/234 


EQUIVALENT SCHEMATICS 


Vcc+ 9 


B2 7 
INPUT 


Vcc- O- 



t~wv- 


7520 


A STROBE p 







—vw— 

- 

t- 

rV 






124 

1 

^ J 





Q22N4 


6 STROBE B O GATE Q 

11 10 

•CLAMP DIODE 


pGNDI PcEXT 
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7520/22/24/28/232/234 


EQUIVALENT SCHEMATICS (Cont d) 



SijnDtiCS 
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7520/22/24/28/232/234 


DC ELECTRICAL CHARACTERISTICS Ta = 0 to70°C, Vcc+ == 5V, Vcc-= -5V unless otherwise specified. 


PARAMETER 

TE5T CONDITIONS 

LIMITS 


UNIT 

Min 

Typ 

Max 


Vt 

Differential input 

Vref = 15mV 11 

15 

19 

mV 


threshold voltage 

Vref - 40mV 36 

40 

44 

mV 

ViCF 

Common-mode input 

Vref = 40mV, V|(S) = ViH 

±2.5 


V 


firing voltage 

tr < 15ns, tf < 15ns, tw == 50ns 




Ib 

Differential input bias current 

Vcc+ = 5.25V, Vcc- = -5.25V 

30 

75 

mA 



o 

II 

Q 

> 




los 

Differential input offset 

1 Vcc+ = 5.25V, Vcc- = -5.25V I 

0.5 


mA 


current 

o 

II 

Q 

> 




ViH 

High level input voltage 

2 



V 

ViL 

Low level input voltage 



0.8 

V 

VOH 

High level output voltage 

Vcc+ = 4.75V, Vcc- = -4.75V 2.4 

4 


V 



lOH = -400)uA, NOT 75232 




VoL 

Low level output voltage 

Vcc+ = 4.75V, Vcc- = -4.75V 

0.25 

0.4 

V 



loL = 16mA 




lOH 

High level output current 

Vcc+ = 4.75V, Vcc- = -4.75V 


250 

mA 



VoH = 5.25V, 75232 ONLY 




IlH 

High level input current 

Vcc+ = 5.25V, Vcc- = -5.25V 


40 

mA 



V|H = 2.4V 




IlL 

Low level input current 

Vcc+ = 5.25V, Vcc- = -5.25V 

-1.0 

-1.6 

mA 



ViL = 0.4V 




los 

Short-circuit output current 

Vcc+ = 5.25V, Vcc- = -5.25V -2.1 


-3.5 

mA 



NOT Q output (pin 13) on 7520 




los 

Short-circuit output current 

Vcc+ = 5.25V, Vcc- = -5.25V -3 


-5 

mA 



Q output (pin 13) ONLY on 7520 




lcc+ 

Supply current from Vcc+ 

Vcc+ = 5.25V, Vcc- = -5.25 V, Ta = 25° C 

27 

40 

mA 

Icc- 

Supply current from Vcc- 


-15 

-20 

mA 
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7520/22/24/28/232/234 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

7522 

UNIT 

Min 

Typ 

Max 

tpd(1) D 

Y output 

A1/A2 or B1/B2 

CL = 15pF, RL = 288n 


20 


ns 

tpd(O) D 

Y output 

A1/A2 orB1/B2 

Cl= 15pF, RL = 288n 


30 

45 

ns 

tpd(l) S 

Y output 

Strobe A or B 

Cl= 15pF, RL = 288n 


20 


ns 

tpd(P) s 

Y output 

Strobe A or B 

Cl= 15pF, RL = 288n 


20 

40 

ns 

tpd(i) G 

Y output 

Gate Y 

Cl = 15pF, RL = 288n 


10 


ns 

tpd(O) G 

Y output 

Gate Y 

Cl= 15pF, RL = 288n 


15 

25 

ns 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

7524/7528 

UNIT 

Min 

Typ 

Max 

tpd(1) D 

Output A or B 

A1/A2 or B1/B2 

Cl= 15pF, RL = 288n 


25 

40 

ns 

tpd(O) D 

Output A or B 

A1/A2 orB1/B2 

Cl= 15pF, RL = 288n 


20 


ns 

tpd(1) S 

Output A or B 

Strobe A or B 

Cl= 15pF, RL = 288n 


15 

30 

ns 

tpd(O) S 

Output A or B 

Strobe A or B 

Cl= 15pF, RL = 288n 


20 


ns 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

75232/75234 

UNIT 

Min 

Typ 

Max 

tpdd) 

D 

Output A or B 

A1/A2 or B1/B2 

Cl= 15pF. RL = 288n 


25 


ns 

tpd(O) 

D 

Output A or B 

A1/A2orB1/B2 

Cl = 15pF, RL = 288n 


25 

40 

ns 

tpd(i) 

S 

Output A or B 

Strobe A or B 

Cl= 15pF, Rl= 288n 


25 


ns 

tpd(O) 

S 

Output A or B 

Strobe A or B 

Cl= 15pF, Rl = 288n 


15 

30 

ns 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

torD Differential-input 

overload recovery time 

CO 

> o 

C\J C\J 

II II 

Q 

> H 


20 


ns 

tore Common-mode input 
overload recovery time 

Vic = ±2V 
tr = tf = 20ns 


20 


ns 

tcyc(min) Minimum cycle time 



200 


ns 
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7520/22/24/28/232/234 


TEST LOAD CIRCUITS—7520 


TEST CIRCUIT—DIFFERENTIAL AND 
STROBE INPUTS TO OUTPUTS 



NOTES 

1. Pulse generators have the following characteristics: 
ZouT = 50fl, tr = tf = 15(±5)ns, tpi = 100ns, 

tp 2 = 300ns, and PRR = 1MHz. 

2. Cl includes probe and jig capacitance. 


TEST CIRCUIT 



NOTES 

1. Pulse generators have the following characteristics: 
ZouT = 5011, tr = tf = 15(±5)ns, tpi = lOOns, 

tp 2 = 300ns, and PRR = 1MHz. 

2. Cl includes probe and jig capacitance. 













7520/22/24/28/232/234 


VOLTAGE WAVEFORMS—7520 




TEST LOAD CIRCUIT—7522 


TEST CIRCUIT 



NOTES 

1. Pulse generators have the following characteristics: 

ZouT = son, tr = tf = 15(±5)ns, tpi = 100ns, 

tp 2 = 300ns, and PRR = 1MHz. 

2. Strobe input pulse is applied to Strobe A when inputs A 1 -A 2 are being tested and to 
Strobe B when inputs B 1 -B 2 are being tested. 

3. Cl includes probe and jig capacitance. 
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7520/22/24/28/232/234 


VOLTAGE WAVEFORM—7522 



TEST LOAD CIRCUIT—7524/7528 


TEST CIRCUIT 



1. Pulse generators have the following characteristics; 

ZouT = son, tr = tf = 15(±5)ns, tpi = 100ns, 

tp 2 = 300ns, and PRR = 1MHz. 

2. Strobe input pulse is applied to Strobe A when inputs A 1 -A 2 are being tested and to 
Strobe B when inputs B 1 -B 2 are being tested. 

3. Cl includes probe and jig capacitance. 


VOLTAGE WAVEFORM—7524/7528 _ 

DIFFERENTIAL AND STROBE INPUTS TO OUTPUTS 



signotics 


313 




















7520/22/24/28/232/234 


TEST LOAD CIRCUIT—75232/75234 



VOLTAGE WAVEFORM-75232/75234 
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7520/22/24/28/232/234 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE vs 
DIFFERENTIAL-INPUT 
VOLTAGE 


7524, 

152S A 

_ 

ND Q 

_ 

OUTP 

UT 0 

= 7520 

7521 

ONLY 









vrei 

— 

-= 15r 

nV 

__ 

nr 




"VREF- i«smv 
Vref = 35mV — 

_ 

__ 




















''CCI =5V 
■''CC2= -5 

•load = - 







lOOyllA 






ta = 

25°C 

_ 

u 


ij 

_1 





□ 


□ 

B 




i10 ±15 ±20 ±25 ±30 ±35 ±4( 

- DIFFERENTIAL-INPUT VOLTAGE-mV 


THRESHOLD VOLTAGE 
vs REFERENCE 
VOLTAGE 



5 10 15 20 25 30 35 40 45 50 

''ref - REFERENCE VOLTAGE - mV 


COMMON MODE FIRING 
VOLTAGE vs 

FREE-AIR TEMPERATURE 




Vj^gp = 20mV T;^ - FREE-AIR TEMPERATURE—C 


LOGICAL 1 OUTPUT 
VOLTAGE vs 
LOAD CURRENT 



'load'‘-°^° CURRENT-mA 


THRESHOLD VOLTAGE 
vs SUPPLY 
VOLTAGE 


''ref “ 20mV 



Ta = 25° 












--- 

__ 






__ 


















±4.75 ±5.00 ±5.25 

Vpp-SUPPLY VOLTAGE—V 


DIFFERENTIAL-INPUT BIAS 
CURRENT vs 

FREE-AIR TEMPERATURE 



Ta - FREE-AIR TEMPERATURE-°C 


LOGICAL 0 OUTPUT 
VOLTAGE vs 
SINK CURRENT 



10 12 14 16 18 20 


l„,^,,,-SINK CURRENT-mA 


NORMALIZED THRESHOLD 
VOLTAGE vs 

PULSE REPETITION RATE 



0.01 0.1 1.0 10 
PRR-PULSE REPETITION RATE—MHz 


DIFFERENTIAL-INPUT 
OFFSET CURRENT vs 
FREE-AIR TEMPERATURE 



- FREE-AIR TEMPERATURE-°C 


signotics 
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


LOGICAL 1 LEVEL INPUT LOGICAL 0 LEVEL INPUT OUTPUT VOLTAGE vs 

CURRENT vs CURRENT vs DIFFERENTIAL INPUT 

INPUT VOLTAGE INPUT VOLTAGE VOLTAGE 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0 ±5 +10 ±15 +20 +25 ±30 +35 ±40 

V|N - INPUT VOLTAGE-V ^tN ' «NPUT VOLTAGE-V - DIFFERENTIAL-INPUT VOLTAGE-mV 
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75324-F,N 


DESCRIPTION 

The 75324 is a monolithic memory driver 
with decode inputs designed for use with 
magnetic memories. The device contains 
two 400mA (source/sink) switch pairs with 
decoding capability from four address lines. 
Two address inputs (B and C) are used for 
mode selection, ie., source or sink. The 
other two address inputs (A and D) are used 
for switch-pair selection (output pair Y/Z or 
W/X). 

The sink circuit is composed of an inverting 
switch with a TTL input. The source circuit 
is an emitter-follower driven from a TTL 
input. 

ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• 400mA output capability 

• High voltage outputs 

• Dual sink/source outputs 

• Internal decoding and timing circuitry 

• Fast switching times 

• Output short-circuit protection 


Over operating case temperature range 
unless otherwise specified. 


PIN CONFIGURATIONS 



N PACKAGE 

ADDRESS r-r- 

input a LL 

— 


, in OUTPUT 

LU (SINK) Z 

ADDRESS [-7- 
INPUT B L£_ 



jU Vcc 

ADDRESS pr- 
INPUT C LL 


■rpi OUTPUT 

JLl (SOURCE) Y 

TIMING i-T- 
INPUT E Li_ 



■—1 SOURCE 
■ _LLJ COLLECTORS 

TIMING [-7- 
INPUT F L2_ 

V 


OUTPUT 

LLJ (SOURCE) X 

TIMING 
INPUT G LL. 

1 

J . 

-r-1 OUTPUT 
_LI (SINK) W 

TIMING r-^ 
INPUT D LL 


to<t 

- ^ GND 






FPACKAGE 

NC [T 



lei GND 2 

ADDRESS I-— 
INPUT A L£_ 

--- 


-—1 OUTPUT 
iLI (SINK) Z 

ADDRESS p— 
INPUT B LL. 


|0<] 

¥ 

< 

0 

0 

ADDRESS r—- 

input c Li_ 

r 


, OUTPUT 
-ILI (SOURCE) Y 

TIMING rp- 
INPUT E LL 

f 


nrri SOURCE 
-L£J COLLECTORS 

TIMING r— 
INPUT F LL 

L_ 


-1 OUTPUT 

ill (SOURCE) X 

TIMING 1- 

INPUT G LL 

J 

. f 

- m output 

LLI (SINK) W 

ADDRESS 
INPUT D LL 


-LTl 

~9~1 GND 1 


GND 1 and GND 2 are to be used in parallel 


PARAMETER 

RATING 

UNIT 

Supply voltage Vcc^ 

17 

V 

Input voltage2 

5.5 

V 

Operating case temperature range 

Oto 70 

°c 

Continuous total power 

800 

mW 

dissipation at (or 



below) 70°C case temperature 



Storage temperature range 

-65 to+ 150 

°C 


NOTES 

1, Voltage values are with respect to network ground terminal 

2. Input signals must be zero or positive with respect to network ground terminal. 


DC ELECTRICAL CHARACTERISTICS Ta = 0°C to 70°C, Vcc ^ 14V unless otherwise specified.* 


PARAMETER 

TEST 

TEST CONDITIONS 

LIMITS 

UNIT 

FIGURE 

Min 

Typ* 

Max 

ViH 

High-level input voltage 

1 


3.5 



V 

ViL 

Low-level input voltage 

1 




0.8 

V 

IlH 

High-level input current, 
address inputs 

1 

_< 

11 

cn 

< 



200 

mA 

l|H 

High-level input current, 
timing inputs 

1 

_< 

II 

cn 

< 



100 

^A 

III 

Low-level input current, 
address inputs 

1 

> 

0 

II 



-6 

mA 

IlL 

Low-level input current, 
timing inputs 


II 

0 

< 



-12 

mA 

V(SAT) 

Sink saturation voltage 

2 

IsiNK = 420mA, Rl = 5311 


0.75 

0.85 

V 

V(SAT) 

Source saturation voltage 

2 

(source ~ 420mA, Rl = 47.511 


0.75 

0.85 

V 

lOFF 

Output off-state current 

1 

1 

> 

o 

II 

> 

I 


125 

200 

mA 

Icc 

Supply current, all sources and 
sinks off 

3 

> 

o 

II 

> 


12.5 

15 

mA 

Icc 

Supply current, either sink selected 

4 



30 

42 

mA 

Icc 

Supply current, either source 
selected 

4 



25 

35 

mA 


•NOTE 

All typical values are at T/^ = 25°C. 


smnDtiBs 
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75324-F,N 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C. Vcc = 14V unless otherwise specified. 


LIMITS 

UNIT 

Min 

Typ 

Max 



90 

ns 



50 

ns 



110 

ns 



40 

ns 

1 


70 

ns 


PARAMETER 


TEST 

FIGURE 


TEST CONDITIONS 


tpLH Propagation delay time 

Low-to-high-level source output 
tpHL Propagation delay time 

High-to-low-level source output 


Rli =53n 
Rl2=^ 50011 
Cl = 20pF 


tpLH Propagation delay time 

Low-to-high-level sink output 
tpHL Propagation delay time 

High-to-low-level sink output 
ts Sink storage time 


RL = 53il 
Cl = 20pF 


EQUIVALENT SCHEMATIC 
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75324-F,N 


PARAMETER MEASUREMENT INFORMATION 

^II ’ ^ ^ IH’ and I r^pc 

DC TEST CIRCUITS* 


TEST TABLE FOR I • 


I- 

I TIMING INPUTS 



15W (NONINDUCTIVE) 
>f—0+13V 


APPLY 3.5V 

GROUND 

TEST 

'IL 

B,C,E,F, andG 

A and D 

A 

B.C.E.F, andG 

A and D 

D 

A,D,E,F, andG 

B and C 

B 

A,D,E,F,andG 

B and C 

C 

A,B,C,D,F,andG 

E 

E 

A,B,C,D,E,andG 

F 

F 

A,B,C,D,E, and F 

G 

G 


1, Check ViH and Vil per Function Table. 

2, Measure III per Test Table. 

3, When measuring Iih, all other inputs are at ground. Each input is tested separately. 


Figure 1 


Iqq (ALL outputs OFF) 


VccC 

SOURCE I 
COLLECTORS I 


IsiNKI 15W(N0N- 

I INDUCTIVE) 


I- 

I TIMING INPUTS 



15W (NONINDUCTIVE) 
^1—0+13V 


This parameter must be using pulse techniques, 
tw = 500ns, duty cycle < 1 %. 


‘Arrows indicate actual direction of current flow. Current into a terminal is a 
positive value. 


‘Arrows indicate actual direction of current flow. Current into a terminal is a 
positive value. 


Figure 2 


Figure 3 


signotics 
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75324-F,N 


PARAMETER MEASUREMENT INFORMATION (Cont d) 


\qq (ONE OUTPUT ON) 
DC TEST CIRCUITS* 



NOTES 

1. Ground A and B, apply 3.5V to C and D, and measure Ice (output W is on). 

2. Ground B and D, apply 3.5V to A and C, and measure Ice (output Z is on). 

3. Ground A and C, apply 3.5V to B and D, and measure lee (output X is on). 

4. Ground C and D, apply 3.5V to A and B, and measure Ice (output Y is on). 

'Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 

Figure 4 


SWITCHING CHARACTERISTICS 


SOURCE-OUTPUT SWITCHING TIMES 


TEST CIRCUIT 


VOLTAGE WAVEFORM 




NOTES 

1. The input waveform is supplied by a generator with the following characteristics: tr=tf 
= 10ns, duty cycle < 1%, and ZouT = son. 

2. When measuring delay times at output X, apply +5V to input D, and ground A. When 
measuring delay times at output Y, apply +5V to input A, and ground D. 

3. Cl includes probe and jig capacitance. 

4. Unless otherwise noted all resistors are 0.5W. 


Figure 5 
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75324-F,N 


SWITCHING CHARACTERISTICS (Cont d) 


SINK-OUTPUT SWITCHING TIMES 

TEST CIRCUIT 



NOTES 

1. The input waveform is supplied by a generator with the following characteristics: tr = tf 
= 10ns, duty cycle < 1%, and Zout = 50. 

2. When measuring delay times at output X, apply +5V to input D, and ground A. When 
measuring delay times at output Y, apply +5\/ to input A, and ground D. 

3. Cl includes probe and jig capacitance. 

Figure 6 


VOLTAGE WAVEFORM 


|-«- 500ns 
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DS3611/3612/3613/3614-N,T 


DESCRIPTION 

The DS3611 series of dual peripheral drivers 
was designed for applications where higher 
breakdown voltage is required than that 
provided by the 75451 series. 

The pin out for the 3611 series is identical to 
those of the 75451 through 75454. The 3611 
series feature high voltage outputs (BOV 
breakdown in the “off” state) as well as high 
current (300mA/driver in the on state). 

FEATURES 

• • High voltage PNP inputs 

• • PMOS/CMOSTTL or DTL compatible 

inputs 

• • Low input currents 

• High voltage outputs 80V (off) 

• High current—300mA/drlver (on) 

• Input clamping diodes 

• Choice of logic function 

• DS3611/12/13/14, DS1611/12/13/14 

• Military qualifications pending 

NOTE 

• • Special Signetics features 

APPLICATIONS 

• Power drivers 

• Relay drivers 

• Lamp drivers 

• Mos drivers 

• Memory drivers 


PIN CONFIGURATIONS 



T PACKAGE 
DS3611T 

^cc 



Pin 4 is in electrical contact with the case. 


DS3612T 

^cc 



Pin 4 is in electrical contact with the case. 


DS3613T 

Vcc 



Pin 4 is in electrical contact with the case. 


DS3614T 



Pin 4 is in electrical contact with the case. 
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DS3611/3612/3613/3614-N,T 


ABSOLUTE MAXIMUM RATINGS 



PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 




continuous 

7 

V 


momentary (1 second) 

15 

V 

V|N 

Input voltage 

30 

V 

VOUT 

Output voltage (off state) 

80 

V 

lOUT 

Output current (continuous) 

300 

mA 

Pd 

Power dissipation’ 

750 

mW 

Ta 

Operating temperature range 

0 to 70 

°C 

Tstg 

Storage temperature range 

-65 to+150 

°C 


Lead temperature 
(soldering, 10 sec) 

300 

°C 


NOTE 


’The maximum, junction temperature is 150°C. Derate at 162°C/Watt above 25°C. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 5V, 0°C < Ta < 70°C unless otherwise specified. 



PARAMETER 

TEST CONDITIONS 

DS3611 SERIES 

UNIT 


Min 

Typ 

Max 




ViH 

Logical “1” input voltage 

Vcc = 4.75V 

2.0 



V 

ViL 

Logical “0” input voltage 

Vcc = 4.75V 



0.8 

V 

V| 

Input clamp voltage 

Vcc = 4.75V, h =-12mA 


-1.2 

-1.5 

V 

IlH 

Logical “1” input current 

Vcc = 5.25V, ViN = 2.4V 



10 

mA 



ViN = 5.5V 


<1 

10 

mA 



ViN = 30V 


1 

100 

mA 

IlL 

Logical “0” input current 

Vcc = 5.25V, ViN = 0.4V 


-50 

-100 

mA 

VoL 

Output low voltage 

ViN = 0.8V (DS3611/3613) 

ViN = 2.0V (DS3612/3614) 

Vcc = 4.75V, loL= 100mA 


0.20 

0.40 

V 



lOL = 300mA 


0.45 

0.70 

V 

VOH 

Output breakdown voltage 

Vcc = 5.25V, ViN = 2.0V (DS3611/3613) 







Vin = 0.8V (DS3612/3614) 

80 



V 



lOH = lOO^tA 

_ 




lOH 

Output leakage current 

ViN = 2.0V (DS3611/3613) 

Vin = 0.8V (DS3612/3614) 

VoUT = 80V, Vcc = 5.25V 



100 

mA 



Vcc = open 



100 

mA 

ICCH 

Supply current with outputs high 

Vcc = 5.25V: 

DS3611 - ViN = 5V 


5 

11 

1 mA 



DS3612-ViN = 0V 


8 

14 

mA 



DS3613 - ViN = 5V 


8 

14 

mA 



DS3614-ViN = 0V 


10 

17 

mA 

ICCL 

Supply current with outputs low 

Vcc = 5.25V; 

DS3611 - ViN = 0V 


44 

69 

mA 



DS3612- Vin-5V 


47 

71 

mA 



DS3613-ViN-OV 


44 

73 

mA 



DS3614- Vin = 5V 


49 

79 

mA 
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DS3611/3612/3613/3614-N,T 


AC ELECTRICAL CHARACTERISTICS Vcc = 5V, Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

DS3611 SERIES 

UNIT 

Min 

Typ 

Max 

Tplh Propagation delay time, 

lo - 200mA 





low-to-high output 







CL = 15pf 






Rl = 500 






(See test figure) 






DS3611 


130 


ns 


DS3612 


110 


ns 


DS3613 


125 


ns 


DS3614 


220 


ns 

Tphl Propagation delay time, 






high-to-low output 

DS3611 


125 


ns 


DS3612 


110 


ns 


DS3613 


125 


ns 


DS3614 


150 


ns 


TYPICAL CIRCUIT 


INPUT 2.4V 10V 



NOTES 

1. The pulse generator has the following characteristics: 

PRR = 1.0MHz 
ZoUT = 50 

2. Cl includes probe and jig capacitances. 


TIMING WAVEFORMS 
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DS7820/8820-F,N 


DESCRIPTION 

The DS7820, specified from -55° C to 
125°C, and the DS8820, specified from 0°C 
to 70°C, are digital line receivers with two 
completely independent units fabricated on 
a single silicon chip. Intended for use with 
digital systems connected by twisted pair 
lines, they have a differential input designed 
to reject large common mode signals while 
responding to small differential signals. The 
output is directly compatible with RTL, DTL 
or TTL integrated circuits. 

The response time can be controlled with an 
external capacitor to eliminate noise spikes, 
and the output state is determined for open 
inputs. Termination resistors for the twisted 
pair line are also included in the circuit. 
Both the DS7820 and the DS8820 are spec¬ 
ified, worst case, over their full operating 
temperature range, for ±10-percent supply 
voltage variations and over the entire input 
voltage range. 


FEATURES 

• Operation from a single +5V logic supply 

• Input voltage range of ±15V 

• Independent channel strobing 

• High input resistance 

• Fanout of two with DTL or TTL 

• Output can be wire OR’ed 

• DS7820 Mil std 883A,B,C available 


PIN CONFIGURATION 



CIRCUIT SCHEMATIC 


RESPONSE-TIME CONTROL 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

8.0 

V 

Input voltage 

±20 

V 

Differential input voltage 

±20 

V 

Strobe voltage 

8.0 

V 

Output sink current 

25 

mA 

Power dissipation 

600 

mW 

Operating temperature range 



DS7820 

-55 to ±125 

°C 

DS8820 

Oto 70 

°C 

Lead temperature 



(soldering, 10sec) 

300 

°C 


NOTE 


"Absolute Maximum Ratings” are those values beyond which the safety of the device 
cannot be guaranteed. Except for “Operating Temperature Range” they are not meant to 
imply devices should be operated at these limits. The table of “Electrical Characteristics” 
provides conditions for actual device operation. 
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DS7820/8820-F,N 


DC ELECTRICAL CHARACTERISTICS Specifications apply for 4.5V < Vcc < 5.5, 

-15V < VcM < 15V and -55° C < Ta < +125°C for the DS7820 
or 0°C < Ta < +70°C for the DS8820 unless otherwise specified. 
Typical values given are for Vcc = 5.0V, Ta = 25°C and VcM = OV 

unless stated differently.+2-3 


PARAMETER 

-;--- 

TEST CONDITIONS 

DS7820 

DS8820 

_ ^^_ 

UNIT 




Min 

Typ 

Max 

Vth 

Input threshold 

ViN = ov 

-0.5 

0 

0.5 

-0.5 

0 

■9 

V 

Vth 


-15V< ViN< 15V 

-1.0 

0 

1.0 

-1.0 

0 


V 

VOH 

High output level 

louT < -0.2mA 

2.5 





5.5 

V 

VoL 

Low output level 

IsiNK 3.5mA 

0 





0.4 

V 

Rin - 

Inverting input resistance 


nn 

5.0 


3.6 

5.0 



Rin + 

Noninverting input resistance 


1)9 

2.5 


1.8 

2.5 



Rt 

Line termination resistance 



170 

250 

120 



1st 

Strobe current 

Vstrobe == 0.4V 

im 

1.0 

n 


1.0 

1.4 

mA 

1st 

Strobe current 

Vstrobe = 5.5V 

m 


Hi 



-5 

juA 

Icc 

Supply currents 

ViN = 15V 

■■■ 

3.2 



3.2 

6.0 

mA 

Icc 

Supply currents 

> 

o 

II 

z 

> 


5.8 

10.2 


5.8 

10.2 

mA 

Icc 

Supply currents 

ViN = -15V 

191 

8.3 

15.0 


8.3 

15.0 

mA 

IlN + 

Noninverting input current 

ViN = 15V 

-1.6 

3.0 

7.0 

-1.6 

5.0 

7.0 

mA 

IlN + 

Noninverting input current 

> 

o 

II 

z 

> 

-1.0 


-1.0 


mA 

IlN + 

Noninverting input current 

ViN = -15V 

-9.8 

-7.0 


-9.8 

-7.0 


mA 

IlN - 

Inverting input current 

ViN = 15V 

■■ 


4.2 


3.0 

4.2 

mA 

IlN - 

Inverting input current 

> 

o 

II 

z 

> 

Hi 


-0.5 


0 

-0.5 

mA 

IlN - 

Inverting input current 

Vin = -15V 

B9 



-4.2 

-3.0 


mA 


NOTES 

1. All currents into device pins shown as positive, out of device pins as negative, all 
voltages referenced to ground unless otherwise noted. All values shown asmax or min 
on absolute value basis. 

2. Only one output at a time should be shorted. 

3. The specifications and curves given are for one side only. Therefore, the total package 
dissipation and supply currents will be double the values given when both receivers 
are operated under identical conditions. 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST 

CONDITIONS 

DS7820 

DS8820 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Tr Response time 
Tr Response time 

Cdelay = 0 
Cdelay ~ lOOpF 


40 

150 



40 

150 


ns 

ns 


DS7820-DS8820 TYPICAL APPLICATION 



fExact value depends on line length 

ivcc is 4.5V to 5.5V for both the DS7820 and DS7830 

‘Optional to control response time 
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DESCRIPTION 

The DS7820A and the DS8820A are im¬ 
proved performance digital line receivers 
with two completely independent units fab¬ 
ricated on a single silicon chip. Intended for 
use with digital systems connected by twist¬ 
ed pair lines, they have a differential input 
designed to reject large common mode sig¬ 
nals while responding to small differential 
signals. The output is directly compatible 
with RTL, DTL or TTL integrated circuits. 

The response time can be controlled with an 
external capacitor to reject input noise 
spikes. The output state is a logic “1” for 
both inputs open. Termination resistors for 
the twisted pair line are also included in the 
circuit. Both the DS7820A and the DS8820A 
are specified, worst case, over their full 
operating temperature range (-55°C to 
125°C and 0°C to 70° C respectively), over 
the entire input voltage range, for ±10% 
supply voltage variations. 

FEATURES 

• Operation from a single ±5V logic supply 

• Input voltage range of ±15V 

• Strobe low forces output to “1” state 

• High input resistance 

• Fanout of ten with either DTL or TTL 
integrated circuits 

• Outputs can be wire OR’ed 

• Series 54/74 compatible 


PIN CONFIGURATION 


N/F PACKAGE 



^cc 

INPUT 

TERMINATION 

INPUT 

STROBE 

RESPONSE TIME 

OUTPUT 


ORDER PART NO. 

DS7820AN, DS7820AF 
DS8820AN, DS8820AF 


EQUIVALENT SCHEMATIC 


RESPONSE-TIME CONTROL 



STROBE 


ABSOLUTE MAXIMUM RATINGS* 


PARAMETER 

RATING 

UNIT 

Supply voltage 

8.0 

V 

Input voltage 

±20 

V 

Differential input voltage 

±20 

V 

Strobe voltage 

8.0 

V 

Output sink current 

50 

mA 

Power dissipation 

Operating temperature range 

600 

mW 

DS7820A 

-55 to ±125 

°C 

DS8820A 

0 to ±70 

°C 

Lead temperature 
(soldering, 60sec) 

300 

°C 


‘NOTE 

“Absolute Maximum Ratings” are those values beyond which the safety of the device 
cannot be guaranteed. Except for “Operating Temperature Range” they are not meant to 
imply that the devices should be operated at these limits. The table of “Electrical 
Characteristics” provides conditions for actual device operation. 
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DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 1 , 2 , 3 ,4 


PARAMETER 



DS7820A/DS8820A 

UNIT 

TEST CONDITIONS 

Min 

Typ 

Max 

Vth 

Differential threshold voltage 

louT = -400/xA -3V < Vcm < +3V 


0.06 

0.5 

V 



Vout>2.5V -15V< Vcm<+15V 


0.06 

1.0 

V 



louT = +16mA -3V < Vcm ^ +3V 


-0.08 

-0.5 

V 



VouT < 0.4V -15V < Vcm <+15V 


-0.08 

-1.0 

V 

Rr 

Inverting input resistance 

-15V< Vcm<+15V 

3.6 

5 


kn 

Ri" 

Non-inverting input resistance 

-15V< Vcm<+15V 

1.8 

2.5 


kn 

Rt 

Line termination resistance 


120 

170 

250 

n 

ir 

Inverting input current 

Vcm = 15V 



3.0 

4.2 

mA 



Vcm - OV 



0 

-0.5 

mA 



Vcm = -15 V 



-3.0 

-4.2 

mA 

ir 

Non-inverting input current 

Vcm =15V 



5.0 

7.0 

mA 



Vcm = OV 



-1.0 

-1.6 

mA 



Vcm = -15 V 



-7.0 

-9.8 

mA 

Icc 

Power supply current 

Vdiff = -1V, 

Vcm = 15V 


3.9 

6.0 

mA 



louT = Logical “0” 

Vcm - -15V 


9.2 

14.0 

mA 



Vdiff = -0.5V, 

Vcm = OV 


6.5 

10.2 

mA 

VOH 

Logical “1” output voltage 

louT = -400/iA, Vdiff = IV 

2.5 

4.0 

5.5 

V 

VoL 

Logical “0” output voltage 

louT = +16mA, Vdiff = -IV 

0 

0.22 

0.4 

V 

VSH 

Logical “1” strobe input voltage 

louT=+16mA, VouT^0.4V, Vdiff = -3V 

2.1 



V 

VSL 

Logical “0” strobe input voltage 

louT =-400/xA, VouT ^ 2.5 V, Vdiff = -3 V 



0.9 

V 

ISH 

Logical "1” strobe input current 

VsTROBE = 5.5V, Vdiff = 3V 


0.01 

5.0 

/uA 

ISL 

Logical “0” strobe input current 

VsTROBE = 0.4 V, Vdiff = -3 V 


-1.0 

-1.4 

mA 

isc 

Output short circuit current 

lOUT = OV, Vcc = 5.5V, VsTROBE = OV 

-2.8 

-4.5 

-6.7 

mA 


NOTES 

1. These specifications apply for 4.5\/ < Vcc 5.5V, -15V < Vcm < 15V and -55° C < Ta ^ 
+125°C for the DS7820A or 0°C < Ta < +70° C for the DS8820A unless otherwise 
specified. Typical values given are for Vcc = 5.0V, Ta = 25°C and Vcm = OV unless 
stated differently. 

2. All currents into device pins shown as positive, out of device pins as negative, all 
voltages referenced to ground unless otherwise noted. All values shown as max or min 
on absolute value basis. 

3. Only one output at a time should be shorted. 

4. The specifications and curves given are for one side only. Therefore, the total package 
dissipation and supply currents will be double the values given when both receivers 
are operated under identical conditions. 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 5V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

DS7820A/DS8820A 

UNIT 

Min 

Typ 

Max 

tPDO 

Propagation delay, differential 
input to “0” output 



30 

45 

ns 

tPDI 

Propagation delay, differential 

Input to “1” output 



27 

40 

ns 

tPDO 

Propagation delay, strobe 
input to “0” output 



16 

25 

ns 

tPDI 

Propagation delay, strobe 
input to “1” output 



18 

_1 

30 

ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 


SUPPLY VOLTAGE SENSITIVITY 


COMMON-MODE VOLTAGE 
SENSITIVITY 


TEMPERATURE SENSITiVltY 



SUPPLY VOLTAGE (V) 


COMMON-MODE VOLTAGE (V) 


ta(°C) 


TRANSFER FUNCTION 


TERMINATION RESISTANCE 


INPUT CHARACTERISTICS 


D 

O 



-0.4 -0.2 0 0.2 0.4 



-75 -50 -25 0 25 50 75 100 125 


DIFFERENTIAL INPUT VOLTAGE (V) 


Ta(°C) 


8 

6 

4 



-6 
-8 
10 

-20 -10 0 10 20 
INPUT VOLTAGE (WITH RESPECT TO GROUND) (V) 



POWER SUPPLY CURRENT 


INTERNAL POWER DISSIPATION 


OUTPUT VOLTAGE LEVELS 



-20 -10 0 +10 +20 


COMMON-MODE VOLTAGE (V) 


5 

O 

Q. 



-20 -10 0 10 20 
COMMON-MODE VOLTAGE (V) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


N/F 



AC TEST CIRCUIT 


VOLTAGE WAVEFORM 


DIFF 



•Includes Jig and Probe 



A = Differential input to "0” output 
B = Differential input to “1” output 
C = Strobe input to "0” output 
D = Strobe input to "1” output 


TYPICAL APPLICATIONS 



NOTES 

tExact value depends on line length 

fvcc is 4.5V to 5.5V for both the DS7820 and DS7830 

•Optional to control response time 
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DS7830/8830-F,N 


DESCRIPTION 

The DS7830/DS8830 is a dual differential 
line driver that also performs the dual four- 
input NAND or dual four-input AND 
function. 

TTL (Transistor-Transistor-Logic) multiple 
emitter inputs allow this line driver to inter¬ 
face with standard TTL or DTL systems. The 
differential outputs are balanced and are 
designed to drive long lengths of coaxial 
cable, strip line, ortwisted pairtransmission 
lines with characteristic impedances of 50a 
to soon. The differential feature of the out¬ 
put eliminates troublesome ground-loop 
errors normally associated with single-wire 
transmissions. 


FEATURES 

• Single 5 volt povrer supply 

• High speed 

• Diode protected outputs for termination 
of positive and negative voltage tran¬ 
sients 

• Diode protected inputs to prevent line 
ringing 

• Short circuit protection 

• DS7830 Mil std 883A,B>C available 


PIN CONFIGURATION 



EQUIVALENT SCHEMATIC 



ABSOLUTE MAXIMUM RATINGS 


- 1 

PARAMETER 

RATING 

UNIT 

Vcc 

7.0 

V 

Input voltage 

5.5 

V 

Operating temperature range 

DS7830 

-55 to +125 

°c 

DS8830 

0 to +70 


Storage temperature range 

-65 to +150 

°c 

Lead temperature (soldering, 10sec) 

300 

°c 


smnDtiES 


335 







DS7830/8830-F,N 


ELECTRICAL CHARACTERISTICS Ta = 25° C Vcc = 5V unless otherwise specified. 1.2 


PARAMETER 


TEST CONDITIONS 

LIMITS 

UNIT 


Min 

Typ 

Max 




Logical “1” input voltage 



2.0 



V 

Logical “0” input voltage 





0.8 

V 

Logical “1” output voltage 


V|N = 0.8V louT =-0.8mA 

2.4 



V 

Logical “1” output voltage 


V|N = P.8V louT = -40mA 

1.8 

2.9 


V 

Logical “0” output voltage 


ViN = 2.0V louT = +32mA 


0.2 

0.4 

V 

Logical “0” output voltage 


ViN = 2,0 V I OUT = +40mA 


0.22 

0.5 

V 

Logical “1” input current 


ViN = +2.4V 



120 

mA 

Logical “1” input current 


ViN = 5.5V 



2 

mA 

Logical “0” input current 


ViN = 0.4V I 



4.8 

mA 

Output short circuit current2 


Vcc = 5.0V 

-40 

-100 

-120 

mA 

Supply current 


Vcc = 5.0V ViN - 5.0V 
(Each driver) 


11 

18 

mA 

Propagation delay AND gate 

tpdl 

tpdO 

Ta = 25° C 

Vcc = 5.0V 


8 

11 

12 

18 

ns 

ns 

Propagation delay NAND gate 

tpd1 

tpdO 

Cl = 15pF 

See Figure 1 


8 

5 

12 

8 

ns 

ns 

Differential delay ti 


Load, 100a and 5000pF 


12 

16 

ns 

Differential delay X 2 


See Figure 2 


12 

16 

ns 


NOTES 

1 . Specifications apply for DS7830 -55°C <Ta < +125° C, Vcc = +5V±10%. DS88300°C 
< Ta < 70°C, Vcc = +5V ±5% unless otherwise specified. 

2. Applies for Ta = +125°C, only one output at a time to be shorted. 


AC TEST CIRCUIT SWITCHING TIME WAVEFORMS 



TYPICAL APPLICATION 


3V- 

7 — 

....\ 



tl.5V 


^1.5V 

V|N -21/ 



\_ 

—^ 





V A Vq 


t ov 




Figure 2 
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MC1488-F,N 


DESCRIPTION 

The MC1488 is a quad line driver which 
converts standard DTL/TTL input logic lev¬ 
els through one stage of inversion to output 
levels which meet EIA Standard No. RS- 
232C and CCITT Recommendation V.24. 

FEATURES 

• Current limited output: ±10mA Typ 

• Power-off source impedance: 3000 Min 

• Simple slew rate control with externai 
capacitor 

• Fiexible operating suppiy range 

• Inputs are DTL/TTL compatible 


PIN CONFIGURATION 


F,N PACKAGE 



ORDER PART NO. 

MC1488N/F 


CIRCUIT SCHEMATIC 
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MC1488-F,N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage V+ 

+15 

V 

V- 

-15 

V 

Input voltage (Vin) 

-15 < Vin <7.0 

V 

Output voltage 

±15 

V 

Power dissipation: 



F package 

1000 

mW 

N package 

800 

mW 

Operating temperature range 

0 to +75 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature (soldering, 10sec) 

300 

°C 


DC ELECTRICAL CHARACTERISTICS v+ = +9.0V ± 1 %, v- = -9.ov ± 1 %, Ta = o°c to +75°C 

unless otherwise specified. 

All typicals are for V+ = 9.0V, V- = -9.0V, and Ta = 25° C.* 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Logic “0” input current 

Vin = OV 

■mu 


- 1.6 

mA 

Logic “1” input current 

Vin = +5.0V 

mu 


10.0 

mA 


V+ = 9.0V 





High level output voltage 

Rl = 3 . 0kn V- = - 9 . 0V 

6.0 

7.0 


V 

Vin = 0.8V V+ = 13.2V 

9.0 

10.5 


V 


V- = -13.2V 






V+ = 9.0V 





Low level output voltage 

Rl = 3 . 0kn V- = - 9 . 0V 

- 6.0 

- 6.8 


V 

Vin = 1.9 V V+ = 13.2V 

- 9.0 

-10.5 


V 


V- = -13.2 V 





High level output 

VoUT = OV 





Short-circuit current 

Vin = 0 . 8V 

- 6.0 

- 10.0 

- 12.0 

mA 

Low level output 

Short-circuit current 

Output resistance 

VouT = OV 

Vin = 1.9V 

V+ = V- = OV 

VoUT = ±2V 

6.0 

300 

10.0 

12.0 

mA 

a 


V+ = 9.0V, V- = -9.0V 


■BSf 


mA 


Vin = 1.9V V+ = 12V, V- = -12V 




mA 

Positive supply current 

V+= 15V, V- = -15V 


25.0 


mA 

(output open) 

V+ = 9.0V, V- = -9.0V 


4.5 

6.0 

mA 


Vin = 0.8V V+ = 12V, V- = -12V 


5.5 

7.0 

mA 


V+= 15V, V- = -15V 


8.0 

12.0 

mA 


V+ = 9.0V, V- = -9.0V 


-13.0 


mA 

Negative supply current 

Vin = 1.9V V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 1 


-18.0 

-25.0 

mEm 

mA 

mA 

V+= 9.0V, V-==-9.0V ’ 


-1 

-15 

mA 

(output open) 


Vin = 0.8V V+ = 12V, V- = -12V 


-1 

-15 

mA 

. 1 

< 

+ 

II 

Ol 

< 

< 

II 

1 

cn 

< 


-.01 

-2.5 

mA 

Power dissipation 

V+ = 9.0V, V- = -9.0V 


252 

333 

mW 

V+ = 12V, V- = -12V 


444 

576 

mW 

Propagation delay to “1” (tpcii) 

Rl = 3.0kn, Cl = 15pF, Ta = 25° C 


275 

350 

ns 

Propagation delay to “0” (tpdo) 

Rl = 3 . 0ka Cl = 15pF, Ta = 25°C 


70 

175 

ns 

Rise time (+) 

Rl = 3 . 0kn , Cl = 15pF , Ta = 25 ° C 


75 

100 

ns 

Fall time (tf) 

Rl = 3.0kn, Cl = 16pF, Ta = 25° C 


40 

75 

ns 


NOTE 

‘Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 
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MC1488-F,N 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE AND 
CURRENT-LIMITING 
CHARACTERISTICS 



-16 -12 -8 -4 0 4 8 12 16 

Vo OUTPUT VOLTAGE (V) 


RS232C DATA TRANSMISSION 



NOTE 

•Optional for noise filtering 


AC LOAD CIRCUIT 


V|N 0- 

—I-—0 VouT 


3K< 

< :± ispF* 

NOTE 


*Cl includes probe and jig capacitance. 


SWITCHING WAVEFORMS 



APPLICATIONS 

By connecting a capacitor to each driver 
output the slew rate can be controlled utiliz¬ 
ing the output current limiting characteris¬ 
tics of the MCI 488. For a set slew rate the 
appropriate capacitor value may be calcu¬ 
lated using the following relationship 

C = isc (AT/AV) 

where C is the required capacitor, Isc is the 
short circuit current value, and AV/AT is the 
slew rate. 

RS232C specifies that the output slew rate 
must not exceed 30V per microsecond. 
Using the worst case output short circuit 
current of 12mA in the above equation, 
calculations result in a required capacitor of 
400pF connected to each output. 


TYPICAL APPLICATIONS 
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MC1489/1489-N/F 


DESCRIPTION 

The MC1489/MC1489A are quad line re¬ 
ceivers designed to interface data terminal 
equipment with data communications 
equipment. They are constructed on a 
single monolithic silicon chip. These de¬ 
vices satisfy the specifications of El A stand¬ 
ard No. RS232C. 

FEATURES 

• Four totally separate receivers per pack¬ 
age 

• Programmable threshold 

• Built-in input threshold hysteresis 

• “Fail safe” operating mode 

• Inputs withstand ±30V 


PIN CONFIGURATION 



EQUIVALENT SCHEMATIC 



AC TEST CIRCUIT 



ABSOLUTE MAXIMUM RATINGS VOLTAGE WAVEFORMS 


PARAMETER 

RATING 

UNIT 

Power supply voltage 

10 

V 

Input voltage range 

±30 

V 

Output load current 

20 

mA 

Power dissipation: 



F package 

1 

W 

N package 

800 

mW 

Operating temperature range 

0 to +75 

X 

Storage temperature range 

-65 to +150 

‘’C 
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MCI 489/1489-N/F 


DC ELECTRICAL CHARACTERISTICS Vcc - 5.0V ± 1%, 0°C < Ta < +75°C unless otherwise specified.1,2 


PARAMETER 

TEST CONDITIONS 

MC1489 

MC1489A 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input high threshold voltage 

Ta = 25°C, Vout< 0.45V, 

1.0 


1.5 

1.75 


2.25 

V 


louT = 10mA 








Input low threshold voltage 

Ta = 25°C. Vout<2.5V, 

0.75 


1.25 

0.75 


1.25 

V 


loUT = -0.5mA 









ViN = +25V 

+3.6 

+5.6 

+8.3 

+3.6 

+5.6 

+8.3 

mA 


ViN = -25V 

-3.6 

-5.6 

-8.3 

-3.6 

-5.6 

- 8.3 

Input current 

ViN = +3V j 

+0.43 

+0.53 


+0.43 

+0.53 


mA 


ViN = -3V 

-0.43 

-0.53 


-0.43 

-0.53 


Output high voltage 

ViN = 0.75V, loUT = -0.5mA 

2.6 

3.8 

5.0 

2.6 

3.8 

5.0 

V 


Input = Open, louT = -0.5mA 

2.6 

3.8 

5.0 

2.6 

3.8 

5.0 

V 

Output low voltage 

ViN = 3.0V, louT = 10mA 


0.33 

0.45 


0.33 

0.45 

V 

Output short circuit current 

ViN = 0.75V 


3.0 



3.0 


mA 

Supply current 

ViN = 5.0V 


20 

26 


20 

26 

mA 

Power dissipation 

V|N = 5.0V 


100 

130 


100 

130 

mW 


NOTES 


1. Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin, 

2. These specifications apply for response control pin = open. 


AC ELECTRICAL CHARACTERISTICS Vcc = 5.0V ± 1%, Ta = 25°C unless otherwise specified. 1.2 


PARAMETER 

TEST CONDITIONS 

MC1489 

MC1489A 








Input to output “high” 

Rl = 3.9kn (AC test circuit) 


25 

85 


25 

85 

ns 

Propagation delay (tpdi) 









Input to output “low” 

Rl = 3900 (AC test circuit) 


20 

50 


20 

50 

ns 

Propagation delay (tpdo) 









Output rise time 

Rl = 3.9kn (AC test circuit) 







■B 

Output fall time 

Rl = 3900 (AC test circuit) 




■ 



■I 


NOTES 


1 . Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 

2. These specifications apply for response control pin = open. 


TYPICAL APPLICATIONS 


RS232C DATA TRANSMISSION 



‘Optional for noise filtering 
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UDN5711/5712/5713/5714-N 


DESCRIPTION 

The UDN 5711 series of dual peripheral 
drivers have high voltage (80V) and high 
current (300mA) NPN output transistors. In 
addition an overshoot clamp diode is pro¬ 
vided for each output collector for use when 
switching inductive loads. 

A choice of AND, NAND, OR and NOR logic 
functions comprise the four device types in 
the series. 

In use care must be taken to insure that the 
absolute maximum junction temperature 
rating is not exceeded due to excessive 
power dissipation; particularly when 
switching capacitive or inductive loads at 
high frequencies. 

FEATURES 

• Four logic functions 

• DTL/TTL/PMOS/CMOS compatible in¬ 
puts 

• Low input current loading 

• 80V output breakdown 

APPLICATIONS 

• Relay drivers 

• Lamp drivers 

• LED drivers 

• High current triac trigger 


PIN CONFIGURATIONS 


DUAL AND DRIVER 
UDN 5711 


STROBE £ 


OUTPUT Y1 [] 





DUAL NAND DRIVER 
UDN 5712 



DUAL OR DRIVER 
UDN 5713 


STROBE [ 


INPUT A1 [ 


OUTPUT Y1 [ 



DUAL NOR DRIVER 
UDN 5714 
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ZBUAl:UI6}I VQ iTflfir nritipur ffm lYPiWDft UDW 5711/5713/571 3 — 

UDN5711/5712/5713/5714-N 


EQUIVALENT CIRCUIT (Cont’d) 



ABSOLUTE MAXIMUM RATINGS at 25°C unless otherwise stated. 



PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 




Continuous 

7 

V 


Momentary (1 second) 

15 

V 

ViN 

Input voltage 

30 

V 

VOUT 

Output voltage (off state) 

80 

V 

lOUT 

Output current 

600 

mA 

Vs 

Suppression diode 
reverse voltage 

80 

V 

Is 

Suppression diode 
forward current 

600 ! 

mA 

Pd 

Power dissipation* 

750 

mW 

Ta 

Operating temperature range 

Oto 70 

°c 

Tstg 

Storage temperature range 

-65 to 150 

°C 


Lead soldering temperature 
(10 seconds) 

300 

°C 


NOTE 

*The maximum junction is ISO^C. Derate at 162°C/watt above 25°C. 
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UDN5711/5712/5713/5714-N 


DC ELECTRICAL CHARACTERISTICS o°c < Ta < 85°C unless otherwise specified. 



PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 


Min 

Typ 

Max 




VcC 

Supply voltage range 


4.75 

5.00 

5.25 

V 

ViH 

Logical "1” input voltage 

Vcc = 4.75V 

2.0 



V 

ViL 

Logical “0” input voltage 

Vcc = 4.75V 


0.8 

V 

V| 

Input clamp voltage 

Vcc = 4.75V, Ta = 25° C, l| = -12mA 


-1.2 

-1.5 

V 

IlH 

Logical “1” input current 

Vcc = 5.25V, V|N = 30V 






except stobe 

Vstrobe = OV 


1 

10 

mA 

IlH 

Logical “1” input current 

Vcc = 5.25V, Vstrobe= 30V 






at strobe 

ViN = OV 


2 

20 

mA 

IlL 

Logical “0” input current 

Vcc - 5.25V, ViN = 0.4V 






except strobe 

Vstrobe — 30 V 


-50 

-100 

mA 

IlL 

Logical “0” Input current 

Vcc = 5.25V, Vstrobe = 0.4V 






at strobe 

ViN = 30V 


-100 

-200 

mA 

I OUT 

Output current 

UDN 5711/5713 - ViN = 0.8V 

UDN 5712/5714 - Vin = 2.0V 



300 

mA 

lOH 

Output leakage current 

ViN = 2.0V (UDN 5711/5713) 

Vin = 0.8V (UDN 5712/5714) 







VoH = 80V, Vcc = 5.25V 



100 

mA 



Vcc = open 



100 

mA 

VoL 

Output low voltage 

Vin = 0.8V (UDN 5711/5713) 

Vin = 2.0V (UDN 5712/5714) 

Vcc = 4.75V, lot = 150mA 


0.35 

0.50 

V 



lOL = 300mA 


0.50 

0.70 

V 

Ild 

Diode leakage current 

ViN = 0V (UDN 5711/5713) 

Vin = 5V (UDN 5712/5714) 







Vcc = 5V, Vld = 80V, Ta = 25° C 



200 

fiA 

Vfd 

Diode forward voltage 

Ifd = 300mA, Ta = 25° C 


1.5 



ICCH 

Supply current with 

Vcc = 5.25V, Ta = 25° C 






outputs high 

UDN 5711 Vin = 5V 


8 

12 




UDN 5712 Vin = 0V 


12 

15 




UDN 5713 Vin = 5V 


8 

13 




UDN 5714 Vin =0V 


12 

15 



Supply current 

Vcc = 5.25V, Ta = 25°C 





nm 

with outputs low 

UDN 5711 ViN = 0V 


35 

49 




UDN 5712 Vin = 5V 


40 

53 




UDN 5713 Vin = 0V 


36 

50 




UDN 5714 Vin = 5V 


40 

50 



AC ELECTRICAL CHARACTERISTICS 





LIMITS 



PARAMETER 

TEST CONDITIONS 

Min 

Typ 

Max 

UNIT 

Tplh 

Propagation delay 
time, low-to-high output 

Vs = 70V, Rl = 465n 

Cl= 15pF 



500 

m 

Tphl 

Propagation delay 
time, high-to-low output 

Vs = 70V, Rl = 4650 

Cl= 15pF 



750 

ns 
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75S107-F,N 


DESCRIPTION 

The 75S107 is a high speed dual line receiv¬ 
er that is functionally equivalent and pin 
compatible totheSN75107A. If features less 
than 17ns propagation delay without sacri¬ 
ficing input performance characteristics. 
This is accomplished through the utilization 
of Schottky technology. 

The 75S107 maintains ±3V common mode 
voltage range, 7.5mV input offset voltage 
and 5/LiA offset current. It also features STTL 
compatible output levels with a minimum 
sink/source capability of 10 Schottky gate 
loads. 


FEATURES 

• Functionally equivalent and pin compati¬ 
ble to SN75107A 

• 17ns maximum guaranteed propagation 
delay 

• 20/iA maximum input bias current 

• STTL compatible strobes and outputs 

• Large common mode input voltage range 

• Operates from standard supply voltages 

APPLICATIONS 

• MOS memory sense amp 

• A/D conversion 

• High speed line receiver 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Positive supply voltage (V+) 

+7 

V 

Negative supply voltage (V-) 

-7 

V 

Differential input voltage 

±6 

V 

Common mode input voltage 

±5 

V 

Strobe/gate input voltage 

+5.5 

V 

Power dissipation 

600 

mW 

Operating temperature range 

0 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature (soldering 60sec) 

+300 

°C 


EQUIVALENT SCHEMATIC 
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75S107-F,N 


ELECTRICAL CHARACTERISTICS Ta = 0 to +70°C, V+ = +5.00, V- = -5.00 unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

75S107 

UNIT 

Min 

Typ 

Max 

AMPLIFIER INPUT 

Input offset voltage 

V+ = 4.75, V- = -4.75 



25 

mV 

Input bias current @ 25°C 
over temp, range 

V+ = 5.25, V- = -5.25 

V+ = 5.25, V- = -5.25 


7.5 

20 

40 

mA 

mA 

Input offset current @ 25°C 
over temp, range 

V+ = 5.25, V- = -5.25 

V+ = 5.25, V- = -5.25 


1.0 

5 

12 

mA 

mA 

Input common mode voltage range 

Input resistance 

Input capacitance 

V+ = 4.75, V- = -4.75 

±3 

4 

3 

6 

V 

kn 

pF 

Voltage gain 



5 


V/mV 

SCHOTTKY GATE/OUTPUT CHARACTERISTICS 

liH High level input current into 1G or 2G strobe 

V+ = 5.25, V- = -5.25 

ViH = 2.7V 

ViH = 5.5V 



50 

1 

mA 

mA 

liH High level input current into common strobe S 

V+ = 5.25, V- = -5.25 

ViH = 2.7V 

ViH = 5.5V 



100 

2 

juA 

mA 

liL Low level input current into 1G or 2G 

liL Low level input current into common strobe S 

V+ = 5.25, V- = -5.25 

ViL = 0.5V 

V+ = 5.25, V- = -5.25 

ViL = 0.5V 



-2.0 

-4.0 

mA 

mA 

VoH High level output voltage 

V+ = 4.75V, Vi(S) = 2.0V 

V- = -4.75V 

Iload = -1mA 

2.7 

3.4 


V 

VoL Low level output voltage 

V+ = 4.75 

V- = -4.75 

Iload = 20 mA 

Vi(S) = 2.0V 



0.5 

V 

POWER SUPPLY REQUIREMENTS 

Supply voltage 

V+ 

V- 


4.75 

-4.75 

5.00 

-5.00 

5.25 

-5.25 

V 

V 

lcc+ Supply current 

Icc- 

V+ = 5.25V 

V- = -5.25V 

Ta = 25°C 


20 

-11 

30 

-15 

mA 

mA 

los Short circuit 

output current 

V+ = +5.25 

V- = -5.25 

-40 


■^100 

mA 

LARGE SIGNAL SWITCHING SPEED 

TpLH (D) Low to high propagation delay from amp 
inputs to outputi 

RL = 280n CL = 15pF 

Ta = 25°C 


12 

17 

ns 

TpHL (D) High to low propagation delay from amps 
inputs to outputi 

RL = 280 n Cl = 15pF 

Ta = 25°C 


9 

13 

ns 

TpLH (S) Low to high propagation delay from strobes 

input to output2 

RL = 280n Cl = 15pF 

Ta = 25°C 


4.5 

6 

ns 

TpHL (S) High to low propagation delay strobe 

input to output2 

RL= 280 n Cl = 15pF 

Ta = 25°C 


3.0 

4.5 

ns 

Maximum operating frequency 

RL = 280n Cl = 15pF 

Ta = 25°C 

40 

55 


MHz 


NOTES 

1. Response time measured from OV point of±100mVp-p 10MHz square wave to the 1.5 
point of the output. 

2. Response time measured from 1.5V point to input to 1.5V point of output. 

3. Response time measured from the start of a lOOmV input step with 5mV overdrive to 
the 1.5V point of the output. 


348 


signotics 











75S107-F,N 


TYPICAL PERFORMANCE CHARACTERISTICS 


RESPONSE TIME vs 
TEMPERATURE 


PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 


PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 


■I 

■ 

■ 




-20 +20 +60 +100 +140 

AMBIENT TEMPERATURE -°C 





Vs= +5V 1 

10MHz SQUARE 
WAVE INPUT 


N^^^TPO (LH) 

Ta 

= 2S°C 










I 

TPD (HL) 








— 








10 20 30 40 50 60 70 

INPUT VOLTAGE —mV p-p 


|Vs= +5V 1 

“lOMHz SQUARE " 
1 WAVE INPUT 



1000 

INPUT VOLTAGE — mVp-p 


OUTPUT VOLTAGE vs 
AMBIENT TEMPERATURE 


INPUT BIAS CURRENT vs 
AMBIENT TEMPERATURE 


INPUT OFFSET CURRENT vs 
AMBIENT TEMPERATURE 





















DESCRIPTION 

The 75S108 is a high speed dual line receiv¬ 
er that is functionally equivalent and pin 
compatible to the SN75108N. It features less 
than 17ns propagation delay without sacri¬ 
ficing input performance characteristics. 
This is accomplished through the utilization 
of Schottky technology. 

The 75S108 maintains ±3V common mode 
voltage range, 7.5m\/ input offset voltage 
and 5/uA offset current. It also features STTL 
compatible output levels with an open col¬ 
lector configuration for wired-AND logic 
applications. 


EQUIVALENT SCHEMATIC 


FEATURES 

• Functionally equivalent and pin compati¬ 
ble to SN75108A 

• 17ns maximum guaranteed propagation 
delay 

• 20/xA maximum input bias current 

• TTL compatible strobes and outputs 

• Open collector outputs 

• Large common mode input voltage range 

• Operates from standard supply voltages 

APPLICATIONS 

• High speed line receiver 

• MOS memory sense amp 

• A/D conversion 


PIN CONFIGURATION 




PARAMETER 

RATING 

UNIT 

Positive supply voltage (V+) 

+7 

V 

Negative supply voltage (V-) 

-7 

V 

Differential input voltage 

±6 

V 

Common mode input voltage 

±5 

V 

Strobe gate input voltage 

+5.5 

V 

Power dissipation 

600 

mW 

Operating temperature range 

Oto 70 


Storage temperature range 

-65 to +150 


Lead temperature (soldering 60sec) 

+300 
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75S108-F,N 


ELECTRICAL CHARACTERISTICS Ta = 0 to 70°C, V+ = +5.00, V- = -5.00 unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

75S108 

UNIT 

Min 

Typ 

Max 




AMPLIFIER INPUT 

Input offset voltage 

V+ = 4.75, V- = -4.75 



25 

mV 

Input bias current @ 25°C over temp range 

V+ = 5.25, V- = -5.25 


7.5 

20 

mA 


V+ = 5.25, V- = -5.25 



40 

mA 

Input offset current @ 25°C over temp range 

V+ = 5.25, V- = -5.25 


1.0 

5 

mA 


V+ = 5.25, V- = -5.25 



12 

mA 

Input common mode voltage range 

V+ = 4.75, V- = -4.75 

±3 


±3 

V 

Input resistance 



4 


kn 

Input capacitance 



3 

6 

pF 

Voltage gain 



5 


V/mV 

SCHOTTKY GATE/OUTPUT CHARACTERISTICS 
liH High level input current into 1G or 2G strobe 

V+ = 5.25, V- = -5.25 






ViH = 2.7V 



50 

/uA 


ViH = 5.5V 



1 

mA 

liH High level input current into common strobe S 

V+ = 5.25, V- = -5.25 






ViH = 2.7V 



100 

mA 


ViH = 5.5V 



2 

mA 

liL Low level input current 

V+ = 5.25, V- = -5.25 



-2.0 

mA 

into 1G or 2G 

ViL = 0.5V 





liL Low level input current into common strobe S 

V+ = 5.25, V- = -5.25 



-4.0 

mA 


ViL = 0.5 V 





VoL Low level output voltage 

V+= 4.75, V|(S) = 2.0V 



0.5 

V 

. ..j 

V- = -4.75 

Iload = 20mA 


1 



lOH High level output current 

Vcc+ = 5.25V 1 

Vcc- = -5.25V 



250 

mA 


VoH = 5.25V 





POWER SUPPLY REQUIREMENTS 

Supply voltage 

V+ 


4.75 

5.00 

5.25 

V 

V- 


-4.75 

-5.00 

-5.25 

V 

Supply current 

V+ = 5.25V 

V- = -5.25V 

Ta = 25°C 





lcc+ 



20 

30 

mA 

Icc- 



-11 

-15 

mA 

LARGE SIGNAL SWITCHING SPEED 

TpLH (D) Low to high propagation delay 

RL = 280nCL=15pF 


12 

17 

ns 

from amp inputs to outputi 

Ta = 25°C 





TpHL (D) High to low propagation delay 

RL = 280n Cl-ISpF 


9 

13 

ns 

from amp inputs to outpufi 

Ta = 25° C 





TpLH (S) Low to high propagation delay 

Rl = 280n Cl= 15pF 


6 


ns 

from strobes input to output2 

Ta 25° C 


.i 



TpHL (S) High to low propagation delay 

RL = 280n Cl=15pF 

! 

5 

8 

ns 

strobe input to output2 

Ta = 25°C 

1 




Maximum operating frequency 

RL = 280n Cl=15pF 

25 

35 


MHz 


Ta = 25°C 






NOTES: 


1. Response time measured from OV point of ±100 mVp-p lOMHzsquare wavetothe 1.5 
point of the output. 

2. Response time measured from 1.5V point of input to 1.5V point of output. 

3. Response time measured from the start of a lOOmV input step with 5mV overdrive to 
the 1.5V point of the output. 
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75S108-F,N 


TYPICAL PERFORMANCE CHARACTERISTICS 


RESPONSE TIME vs PROPAGATION DELAY FOR 

TEMPERATURE VARIOUS INPUT VOLTAGE 


PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 
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75S108-F,N 


INPUT OFFSET CURRENT vs 
AMBIENT TEMPERATURE 
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55/75450B-F,N • 55/75451 B/2B/3B/4B-N,T 


DESCRIPTION 

Series 55450B/75450B dual peripheral driv¬ 
ers are a family of versatile devices designed 
for use in systems that employ TTL or DTL 
logic. The 55450B/75450B family is func¬ 
tionally interchangeable with and replaces 
the 75450 family and the 75450A family 
devices manufactured previously. The 
speed of the 55450B/75450B family is equal 
to that of the 75450 family and a test to 
ensure freedom from latch-up has been 
added. Diode-clamped inputs simplify cir¬ 
cuit design. Typical applications include 
high-speed logic buffers, power drivers, 
relay drivers, lamp drivers, MOS drivers, line 
drivers, and memory drivers. Series 55450B 
drivers are characterized for operation over 
the full military temperature range of -55° C 
to 125°C: Series 75450B drivers are charac¬ 
terized for operation from 0°C to 70° C. 

The 55450B and 75450B are unique general- 
purpose devices each featuring two stand¬ 
ard Series 54/74 TTL gates and two uncom¬ 
mitted, high-current, high-voltage n-p-n 
transistors. These devices offer the system 
designer the flexibility of tailoring the circuit 
to the application. 

The 55451B/75451B, 55452B/75452B, 

55453B/75453B, and 55454B/75454B are 
dual peripheral AND, NAND, OR, and NOR 
drivers, respectively, (assuming positive 
logic) with the output of the logic gates 
internally connected to the bases of the 
n-p-n output transistors. 


FEATURES 

• 300mA output current capability 

• High voltage outputs 

• No output latch up at 20V 

• High speed switching 

• Circuit flexibility for varied applications 

• TTL or DTL compatible diode—clamped 
inputs 

• Standard supply voltages 


TRUTH TABLE (55/75450B and 
55/75451B) 


A 

B 

Y 

L 

L 

L (on state) 

L 

H 

L (on state) 

H 

L 

L (on state) 

H 

H 

H (off state) 

TRUTH TABLE 

(55/75452B) 

A 

B 

Y 

L 

L 

H (off state) 

L 

H 

H (off state) 

H 

L 

H (off state) 

H 

H 

L (on state) 

TRUTH TABLE 

(55/75453B) 

A 

B 

Y 

L 

L 

L (on state) 

L 

H 

H (off state) 

H 

L 

H (off state) 

H 

H 

H (off state) 

TRUTH TABLE 

(55/75454B) 

A 

B 

Y 

L 

L 

H (off state) 

L 

H 

L (on state) 

H 

L 

L (on state) 

H 

H 

L (on state) 


PIN CONFIGURATIONS 

F,N PACAGE 



ORDER PART NO. 

55/775450B 


T PACKAGE 


Vcc 



GND 

Pin 4 is in electrical contact with the case 

ORDER PART NO. 

55/75451B 
55/75452B 
55/75453B 
55/75454B 


N PACKAGE 



positive logic; Y = AB 
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ABSOLUTE MAXIMUM RATINGS Ta = 25°C unless otherwise specified. 


PARAMETER 

55450B 

75450B 

55454B 
55453B 
55452B 
55451B 

75454B 
75453B 
75452B 
75451B 

UNIT 

Supply voltage, Vcc^ 

7 

7 

7 

7 

V 

Input voltage 

5.5 

5.5 

5.5 

5.5 

V 

Interemitter voltages 

5.5 

5.5 

5.5 

5.5 

V 

Vcc-to-substrate voltage 

35 

35 



V 

Collector-to-substrate voltage 

35 

35 



V 

Collector-base voltage 

35 

35 



V 

Collector-emitter voltages 

30 

30 



V 

Emitter-base voltage 

5 

5 



V 

Output voltage^ 



30 

30 

V 

Collector currents 

300 

300 



mA 

Output currents 



300 

300 

mA 

Continuous total dissipation at 

800 

800 

800 

800 

mW 

(or below) 25°C free-air 






temperature^ 






Operating free-air temperature range 

-55 to 125 

Oto 70 

-55 to 125 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

-65 to 150 

-65 to 150 

-65 to 150 

"C 

Lead temperature 1/16 inch from 

300 

300 

300 

300 

°C 

case for 60 seconds F or T package 






Lead temperature 1/16 inch from 

260 

260 

260 

260 

°C 

case for 10 seconds N package 







NOTES 

1. Voltage values are with respect to network ground terminal unless otherwise 
specified. 

2. This is the voltage between two emitters of a multiple-emitter transitor. 

3. This value applies when the base-emitter resistance (Rbe) is equal to or less than 50011. 

4. This is the maximum voltage which should be applied to any output when it is in the off 
state. 


5. Both halves of these dual circuits may conduct rated current simultaneously; however, 
power dissipation averaged over a short time interval must fall within the continuous 
dissipation rating. 

6. For operation above 25°C free-air temperature, refer to Dissipation Derating Curve, 
Figure 20. This rating for the T package requires a heat sink that provides a thermal 
resistance from case to free-air, R^ca, of not more than 95°C/W. 


DC ELECTRICAL CHARACTERISTICS Ta = as'C. Vcc = 5V unless otherwise specified. 






55450B 



75450B 

UNIT 


PARAMETER 

TEST CONDITIONS 








Min 

Typ 

Max 

Min 

Typ 

Max 




V(BR)CBO Collector-base break- 

lc = 100iuA, Ie = 0 

35 



35 



V 


down voltage 

, 








V(BR)CER Collector-emitter 

Ic = WOjuA, Rbe = 5000 

30 



30 



V 


breakdown voltage 









V(BR)EBO Emitter-base 

Ie = 100mA, Ic = 0 

5 



5 



V 


breakdown voltage 









hFE 

Static forward current 
transfer ratio 

Vce = 3V, Ic = 100mA 

25 



25 




hpE 

Static forward current 
transfer ratio 

VcE = 3V, Ic = 300mA 

30 



30 




hFE 

Static forward current 
transfer ratio 

Vce = 3V, Ic = 100mA 

10 







hFE 

Static forward current 
transfer ratio 

VcE = 3V, Ic = 300mA 

15 







hFE 

Static forward current 
transfer ratio 

Vce = 3V, lc = 100mA 




20 




hFE 

Static forward current 
transfer ratio 

Vce = 3V, Ic = 300mA 




25 




Vbe 

Base-emitter voltage 

Ib = 10mA, Ic = 100mA 


0.85 

1.2 


0.85 

1 

V 

Vbe 

Base-emitter voltage 

Ib = 30mA, Ic = 300mA 


1.05 

1.4 


1.05 

1.2 

V 

VcE(SAT) Collector-emitter 

Ib = 10mA, Ic = 100mA 


0.25 

0.5 


0.25 

0.4 

V 


saturation voltage 









VcE(SAT) Collector-emitter 

Ib = 30mA, Ic = 300mA 


0.5 

0.8 


0.5 

0.7 

V 


saturation voltage 



_i 







smnDtics 
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DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25®C, Vcc = 5V unless otherwise specified. 



PARAMETER 


TEST CONDITIONS 

55450B 

75450B 

UNIT 



Min 

Typ 

Max 

Min 

Typ 

Max 




ViH 

High-level input voltage 



2 



2 



V 

ViL 

Low-level input voltage 





0.8 



0.8 

V 

Vi 

Input clamp voltage 


Vcc = 4.5V l|--12mA 



1.5 




V 

Vi 

Input clamp voltage 


Vcc = 4.75V l| = -12mA 






1.5 

V 

VOH 

High-level output voltage 


Vcc = 4.5V ViL = 0.8V 

2.4 

3.3 





V 




lOH = -400m A 








VOH 

High-level output voltage 


Vcc = 4.75V ViL = 0.8V 





2.4 

3.3 

V 




I OH = -400mA 



• 





VoL 

Low-level output voltage 


Vcc = 4.5V V|H = 2V 


0.22 

0.5 




V 




loL — 16mA 








VoL 

Low-level output voltage 


Vcc = 4.75V ViH = 2V 





0.22 

0.4 

V 




lOL 16mA 








l| 

Input current at maxi- 

InputA 

Vcc = 5.5V V| = 5.5V 



1 






mum input voltage 

InputG 




2 




mA 

l| 

Input current at maxi- 

InputA 

Vcc = 5.25V Vi = 5.5V 






1 



mum input voltage 

InputG 







2 

mA 

Ih 

High level 

InputA 

Vcc = 5.5V V| = 2.4V 



40 






input current 

InputG 




80 




mA 

Ih 

High level 

InputA 

Vcc = 5.25V Vi = 2.4V 






40 



input current 

InputG 







80 

mA 

IlL 

Low-level 

InputA 

Vcc = 5.5V Vi = 0.4V 



-1.6 






input current 

InputG 




-3.2 




mA 

IlL 

Low-level 

InputA 

Vcc = 5.25V V| = 0.4V 






-1.6 



input current 

InputG 







-3.2 

mA 

los 

Short-circuit output 
current^ 


Vcc = 5.5V 

-18 


-55 




mA 

los 

Short-circuit output 
current^ 


Vcc = 5.25V 




-18 


-55 

mA 

ICCH 

Supply current, 
outputs high 


Vcc = 5.5V V| = 0 


2 

4 




mA 

ICCH 

Supply current, 
outputs high 


Vcc = 5.25 V V| = 0 





2 

4 

mA 

ICCL 

Supply current, 
outputs low 


Vcc = 5.5V Vi = 5V 


6 

11 




mA 

ICCL 

Supply current, 
outputs low 


Vcc = 5.25V V| = 5V 





6 

11 

mA 


NOTES 

1. Electrical characteristics over recommended operating free-air temperature range 
(unless otherwise specified). 

2. Not more than one output should be shorted at a time. 
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DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, Vcc = 5V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

55451 

75451 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

ViH 

High-level input voltage 


2 



2 



V 

ViL 

Low-level input voltage 




0.8 



0.8 

V 

Vi 

Input clamp voltage 

Vcc = 4.5V li--12mA 



-1.5 




V 

Vi 

Input clamp voltage 

Vcc 4.75V l| = -12mA 






1.5 


lOH 

High-level output current 

Vcc = 4.5V, ViH = 2V, VoH = 30V 



300 




mA 

lOH 

High-level output current 

Vcc - 4.75V, V|H = 2V, VoH = 30V 






100 

mA 

VoL 

Low-level output voltage 

Vcc = 4.5V, ViL = 0.8V, 


0.25 

0.5 




V 



loL = 100mA 










Vcc = 4.5V, ViL - 0.8V, 


0.5 

0.8 







lOL = 300mA 








VoL 

Low-level output voltage 

Vcc = 4.75V, ViL = 0.8V, 





0.25 

0.4 

V 



lOL = 100mA 










Vcc - 4.75V, ViL = 0.8V, 





0.5 

0.7 




loL = 300mA 








h 

Input current at maximum 

Vcc = 5.5V, V( = 5.5V 



1 




mA 


input voltage 




1 





li 

Input current at maximum 

Vcc = 5.25V, V| = 5.5V 






1 

mA 


input voltage 









IlH 

High level input current 

Vcc = 5.5V, V| = 2.4V 



40 




mA 

IlH 

High level input current 

Vcc = 5.25V V| = 2.4V 






40 

mA 

IlL 

Low level Input current 

Vcc = 5.5V Vi = 0.4V 


-1 

-1.6 




mA 

IlL 

Low-level input current 

Vcc = 5.25V V| = 0.4V 


1 



-1 

-1.6 

mA 

ICCH 

Supply current, outputs high 

Vcc = 5.5V V| = 5V 


7 

11 




mA 

ICCH 

Supply current, outputs high 

Vcc = 5.25V V| = 5V 





7 

11 

mA 

ICCL 

Supply current, outputs low 

Vcc = 5.5V V| = 0 


52 

65 




mA 

ICCL 

Supply current, outputs low 

Vcc = 5.25V Vi = 0 





52 

65 

mA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, Vcc = 5V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

55452 

75452 

UNIT 

— 

Min 

Typ 

Max 

Min 

Typ 

Max 

ViH High-level input voltage 

ViL Low-level input voltage 

--- 

2 


0.8 

2 


0.8 

V 

V 

Vi Input clamp voltage 

Vi Input clamp voltage 

Vcc = 4.5V l| =-12mA 

Vcc = 4.75V h = -12mA 



-1.5 



-1.5 

V 

loH High-level output current 

loH High-level output current 

Vcc = 4.5V, ViL = 0.8V, VoH = 30V 
Vcc = 4.75V, ViL = 0.8V, VoH == 30V 



300 



100 

fxA 

mA 

VoL Low-level output voltage 

VoL Low-level output voltage 

Vcc = 4.5V, ViH = 2V, loL = 100mA 
Vcc = 4.5V, ViH - 2V, loL = 300mA 
Vcc = 4.75V, ViH = 2V, loL = 100mA 
Vcc = 4.75V, Vih- 2V, Iol = 300mA 


0.25 

0.5 

0.5 

0.8 


0.25 

0.5 

0.4 

0.7 

V 

V 

li Input current at maximum 

input voltage 

li Input current at maximum 

input voltage 

Vcc = 5.5V, V| = 5.5V 

Vcc = 5.25V, V| = 5.5V ; 



1 



1 

mA 

mA 

IlH High-level input current 

liH High-level input current i 

Vcc = 5.5V, Vi = 2.4V 

Vcc == 5.25V, V| = 2.4V 



40 



40 

mA 

mA 

IlL Low-level Input current 

IlL Low-level input current 

Vcc = 5.5V, V| = 0.4V 

Vcc = 5.25V, V| = 0.4V 


-1 

-1.6 


-1 

-1.6 

< < 

E E 

IccH Supply current, outputs high 

IccH Supply current, outputs high 

Vcc = 5.5V, Vi = OV 

Vcc = 5.25V, Vi = OV 


11 

14 


11 

14 

< < 

E E 

IccL Supply current, outputs low 

IccL Supply current, outputs low 

Vcc = 5.5V, Vi = 5V 

Vcc = 5.25V, Vi = 5V 


56 

71 


56 

71 

< < 

E E 


smnDtiBS 
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DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, Vcc = 5V unless Otheiivise specified. 



PARAMETER 


55453 

75453 

UNIT 


1 Co 1 UUIMLIII IVJlHo 

Min 

Typ 







ViH 

High-level input voltage 


2 



2 



n 

ViL 

Low-level input voltage 




0.8 


BB^ 


n 

Vi 

Input clamp voltage 

Vcc = 4.5V li = -12mA 



-1.5 


B1 


V 

Vi 

Input clamp voltage 

Vcc = 4.75V li = -12mA 





■1 

-1.5 


lOH 

High-level output current 

Vcc = 4.5V, V|H = 2V, VOH = 30V 



300 

umii 

__l 


mA 

lOH 

High-level output current 

Vcc = 4.75V, ViH = 2V, VoH = 30V 

IBI 



bh 

BB 

100 

mA 

VoL 

Low-level output voltage 

Vcc = 4.5V, ViL = 0.8V, 


0.25 

0.5 




V 



lOL = 100mA 










Vcc = 4.5V, ViL = 0.8V, 


0.5 

0.8 







lOL = 300mA 








VoL 

Low-level output voltage 

Vcc = 4.75V, ViL = 0.8V, 





0.25 

0.4 

V 



lOL = 100mA 










Vcc = 4.75V, ViL = 0.8V, 





0.5 

0.7 




loL = 300mA 








l| 

Input current at maximum 
input voltage 

Vcc = 5.5V, Vi = 5.5V 



1 




mA 

l| 

Input current at maximum 
input voltage 

Vcc = 5.25V, Vi = 5.5V 






1 

_1 

mA 

IlH 

High-level input current 

Vcc = 5.5V, V| = 2.4V 







mA 

IlH 

High-level Input current 

Vcc = 5.25V, V| = 2.4V 







mA 

IlL 

Low-level input current 

Vcc = 5.5V, V| = 0.4V 


-1 



mm 


mA 

III 

Low-level input current 

Vcc = 5.25V, Vi = 0.4V 







mA 

ICCH 

Supply current, outputs high 

Vcc = 5.5V, V| = 5V 


8 

11 





ICCH 

Supply current, outputs high 

Vcc = 5.25V, V| = 5V 





8 



ICCL 

Supply current, outputs low 

Vcc = 5.5V, V| = 0 


54 

68 




mA 

ICCL 

Supply current, outputs low 

Vcc = 5.25V, Vi = 0 





54 

68 

mA 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25®C, Vcc = 5V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

55454 

75454 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

ViH 

High-level input voltage 








n 

ViL 

Low-level input voltage 








n 

Vi 

Input clamp voltage 

Vcc = 4.5V li = -12mA 



-1.5 




V 

Vi 

Input clamp voltage 

Vcc = 4.75V li = -12mA 






-1.5 


•oh 

High-level output current 

Vcc = 4.5V, ViL = 0.8V, VoH = 30V 







juA 

lOH 

High-level output current 

Vcc = 4.75V, ViL = 0.8V, VoH = 30V 



300 



100 


VoL 

Low-level output voltage 

Vcc = 4.5V, ViH = 2V, loL = 100mA 


0.25 

0.5 




V 



Vcc = 4.5V, ViH = 2V, loL = 300mA 


0.5 

0.8 




V 

VoL 

Low-level output voltage 

Vcc = 4.75V, ViH = 2V, loL = 100mA 





0.25 

0.4 

V 



Vcc = 4.75V, ViH = 2V, loL = 300mA 





0.5 

0.7 


l| 

Input current at maximum 

Vcc = 5.5V, Vi = 5.5V 



1 




mA 


input voltage 









l| 

Input current at maximum 

Vcc = 5.25V, Vi = 5.5V 






1 

mA 


input voltage 









IlH 

High-level input current 

Vcc = 5.5V, Vi = 2.4V 



40 




mA 

IlH 

High-level input current 

Vcc = 5.25V, V| = 2.4V 






40 

mA 

IlL 

Low-level input current 

Vcc = 5.5V, Vi = 0.4V 


-1 

-1.6 




mA 

IlL 

Low-level input current 

Vcc = 5.25V, Vi = 0.4V 





-1 

-1.6 

mA 

ICCH 

Supply current, outputs high 

Vcc = 5.5V, V| = OV 


13 

17 




mA 

ICCH 

Supply current, outputs high 

Vcc = 5.25V, Vi = OV 





13 

17 

mA 

ICCL 

Supply current, outputs low 

Vcc = 5.5V, V| = 5V 


61 

79 




mA 

ICCL 

Supply current, outputs low 

Vcc = 5.25V, Vi = 5V 





61 

79 

mA 
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AC ELECTRICAL CHARACTERISTICS Ta = 25“ C, Vcc = 5V unless otherwise specified. 





55/75450B 



PARAMETER 

TEST CONDITIONS 




UNIT 


Min 

Typ 

Max 



TTL GATES 






tPLH 

Propagation delay 
time, low-to-high 
output 

Cl = 15pF, Rl = 400n 


12 

22 

ns 

tPHL 

Propagation delay 
time, high-to-low 
level output 



8 

15 

ns 

OUTPUT TRANSISTORS 






td 

Delay time 

Ic = 200mA, Ib{ 1 ) = 20mA, 


8 

15 

ns 

tr 

Rise time 

Ib( 2 ) = -40mA, 


12 

20 

ns 

ts 

Storage time 

Vbe(OFF) = -1V, Cl = 15pF, 


7 

15 

ns 

tf 

Full time 

RL = 50n 


6 

15 

ns 

GATES AND TRANSISTORS COMBINED 






tPLH 

Propagation delay 

Ic- 200mA, Cl = 15pF, 


20 

30 

ns 


time, low-to-high 
level output 

Rl = 50n 





tPHL 

Propagation delay 
time, high-to-low 
level output 



20 

30 

ns 

tTLH 

Transition time, 
low-to-high level output 



7 

12 

ns 

tTHL 

Transition time, 
high-to-low level output 


Vs-6.5 

9 

15 

ns 

VOH 

High-level output 

Vs = 20V, Ic 300mA 



mV 


voltage after switching 

Rbe = soon 






AC ELECTRICAL CHARACTERISTICS Ta = 25®C, Vcc = 5V unless otherwise specified. 


PARAMETER 

... .. . . .... . . .. 1 

TEST CONDITIONS 

55451/75451 

55452/75452 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

tPLH 

Propagation delay time, 
low-to-high level output 

lo * 200mA, Cl = 1 5pF, Rl = 50n 


18 

25 


26 

35 

ns 

tPHL 

Propagation delay time, 
high-to-low level output 

lo « 200mA, Cl = 15pF, Rl = 50n 


18 

25 


24 

35 

ns 

tTLH 

Transition time, 
low-to-high level output 

lo * 200mA, Cl = 1 5pF, Rl = 50n 


5 

8 


5 

8 

ns 

tTHL 

Transition time, 

High-to-low level output 

lo « 200mA, Cl = 15pF, RL = 50n 


7 

12 


7 

12 

ns 

VoH 

High-level output voltage 
after switching 

Vs = 20V, lo = 300mA 

Vs-6.5 



Vs-6.5 



mV 


NOTE 

Voltage and current values shown are nominal; exact values vary slightly with transistor 
parameters. 


sinnotics 
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AC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C, Vcc = 5V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

55453/75453 

55454/75454 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

tpLH Propagation delay time, 

lo« 200mA, Cl= 15pF, RL = 50a 


18 

25 


27 

35 

ns 

low-to-high level output 









tPHL Propagation delay time, 

lo « 200mA, Cl = 15pF, RL=50a 


16 

25 


24 

35 

ns 

high-to-low level output 









tTLH Transition time, 

lo - 200mA, Cl = 15pF, Rl= 50a 


5 

8 


5 

8 

ns 

low-to-high level output 









tTHL Transition time. 

lo - 200mA, Cl = 15pF, RL=50n 


7 

12 


7 

12 

ns 

High-to-low level output 









VoH High-level output voltage 

Vs = 20V, lo - 300mA 

Vs-6.5 



Vs-6.5 



mV 

after switching 










NOTE 

Voltage and current values shown are nominal; exact values vary slightly with transistor 
parameters. 


LATCH-UP TEST OF COMPLETE DRIVERS 



NOTES 

1 . The pulse generator has the following characteristics: PRR = 12.5kHz, ZouT = 50n. 

2. When testing 55450B or 75450B, connect output Y to transistor base with a 500-n 
resistor from there to ground, and ground to substrate terminal. 

3. Cl includes probe and jig capacitance. 
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LATCH-UP TEST OF COMPLETE DRIVERS (Contd) 



NOTES 

1. The pulse generator has the following characteristics: PRR = 12.5kHz, ZouT = 50fi. 

2. When testing 55450B or 75450B, connect output Y to transistor base with a 500-fl 
resistor from there to ground, and ground to substrate terminal. 

3. Cl includes probe and jig capacitance. 


SWITCHING TIMES OF COMPLETE DRIVERS 


TEST CIRCUIT 


INPUT 2.4V 10V 




NOTES 

1. The pulse generator has the following characteristics: PRR = 1MHz, ZouT ® 50fl. 

2. When testing 55451B or 75451B, connect output Y to translator base and ground the 
substrate terminal. 

3. Cl includes probe and jig capacitance. 


signotics 
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LATCH-UP TEST OF COMPLETE DRIVERS 


TEST CIRCUIT 


Vg = 20V 




1. The pulse generator has the following characteristics: PRR = 12.5kHz, Zout = SOU. 

2. When testing 55451B or 75451B, connect output Y to transistor base with a 500-fl 
resistor from there to ground, and ground the substrate terminal. 

3. Cl includes probe and jig capacitance. 

SWITCHING TIMES OF COMPLETE DRIVERS 


TEST CIRCUIT 

INPUT 2.4V 10V 
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55/75450B-F,N • 55/75451 B/2B/3B/4B-N,T 


SWITCHING TIMES OF COMPLETE DRIVERS (Contd) 



1. The pulse generator has the following characteristics; PRR = IMH 2 , Zout 50n. 

2. When testing 55452B or 75452B, connect output Y to transistor base and ground the 
substrate terminal. 

3. Cl includes probe and jig capacitance. 

LATCH-UP TEST OF COMPLETE DRIVERS 


PULSE 
GENERATOR 
(SEE NOTE 1) 


TEST CIRCUIT 


INPUT 2.4V 

9 9 


I--1 

452B 

I_^_I 


1N3064 A 


CIRCUIT 

UNDER 

TEST 

(SEE NOTE 2) 


NOTE 

All resistors values are typical and in ohms. 


GNO I SUB 


Vs = 20V 

9 


3 


-O OUTPUT 


;t: Cl= 15pF 
(SEE NOTE 3) 



1. The pulse generator has the following characteristics: PRR = 12.5kHz, Zout = 50n. 

2. When testing 55452B or 75452B, connect output Y to transistor base with a 500-n 
resistor from there to ground, and ground the substrate terminal. 

3. Cl includes probe and jig capacitance. 
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SWITCHING TIMES OF COMPLETE DRIVERS 


TEST CIRCUIT 


INPUT 10V 



0.4V 



1. The pulse generator has the following characteristics: PRR = 1MHz, Zout == 50n. 

2. When testing 55453B or 75453B, connect output Y to transistor base and ground the 
substrate terminal. 

3. Cl includes probe and jig capacitance. 

LATCH-UP TEST OF COMPLETE DRIVERS 
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55/75450B-F,N • 55/75451 B/2B/3B/4B-N,T 


LATCH-UP TEST OF COMPLETE DRIVERS (Contd) 



NOTES 

1. The pulse generator has the following characteristics: PRR = 12.5kHz, Zout = 5011. 

2. When testing 55453B or 75453B, connect output Y to transistor base with a 500-a 
resistor from there to ground, and ground the substrate terminal. 

3. Cl includes probe and jig capacitance. 

SWITCHING TIMES OF COMPLETE DRIVERS 



NOTES 

1. The pulse generator has the following characteristics: PRR = 1MHz, Zout ~ 50fl. 

2. When testing 55454B or 75454B, connect output Y to transistor base and ground the 
substrate terminal. 

3. Cl includes probe and jig capacitance. 
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LATCH-UP TEST OF COMPLETE DRIVERS 


TEST CIRCUIT 




1. The pulse generator has the following characteristics; PRR = 12.5kH2, ZouT = 50n. 

2. When testing 55454B or 75454B, connect output Y to transistor base with a 500-ft 
resistor from there to ground, and ground the substrate terminal. 

3. Cl includes probe and jig capacitance. 
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55/75450B-F,N • 55/75451 B/2B/3B/4B-N,T 


TYPICAL PERFORMANCE CHARACTERISTICS 


TTL GATE HIGH-LEVEL 
OUTPUT VOLTAGE vs 
HIGH-LEVEL OUTPUT CURRENT 


TRANSISTOR STATIC FORWARD 
CURRENT TRANSFER RATIO 
vs COLLECTOR CURRENT 


TRANSISTOR BASE-EMITTER 
VOLTAGE vs COLLECTOR 
CURRENT 


55/75450 



0 -5 -10 -15 -20 -25 -30 "35 -40 

I OH - HIGH-LEVEL OUTPUT CURRENT-mA 


55/75450 



10 20 40 70 100 200 400 


IC - COLLECTOR CURRENT - mA 


55/75450 



Iq — COLLECTOR CURRENT — mA 


NOTE 


TRANSISTOR COLLECTOR- 
EMITTER SATURATION 
VOLTAGE vs 
COLLECTOR CURRENT 



10 20 40 70 100 200 400 

Ic - COLLECTOR CURRENT - mA 


1. These parameters must be measured using pulsetechniques,tw = 300/is, dutycycle< 
2 %. 


2. This rating for the T Package requires a heat sink that provides a thermal resistance 
from case to free-air, Roca, of not more than 95°C/W. 


DISSIPATION DERATING CURVE 



Ta — FREE-AIR TEMPERATURE — °C 
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NE5SE510/511-F,N 


DESCRIPTION 

The 510/511 are dual high frequency differ¬ 
ential amplifiers with associated constant 
current sources and biasing elements con¬ 
tained within a silicon monolithic substrate. 
The large number of accessable internal 
points allows largeflexibility of applications 
from dc to in excess of lOOmhz. Circuit 
layouts may be either common—common 
base, cascode or common collector- 
common base configurations. 

FEATURES 

• Low input offset voltage ±2mV 

• Low input offset current ±3/iA 

• AGC capability 

• High forward transadmittance 

• Low feed back capacitance 

• Single power supply 

• SE510, SE511 Mil std 883A,B,C available 


PIN CONFIGURATIONS 

510 

F,N PACKAGE 



ORDER PART NO. 

SE510N, NE510N 
SE510F. NE510F 



EQUIVALENT SCHEMATICS 




ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Applied voltage (V+) 

20 

V 

Differential input voltage 

±5 

V 

Current (all pins) 

±15 

mA 

Storage temperature 

-65 to ±150 

°C 

Operating temperature 



SE510N, SE511N 

-55 to ±125 

°C 

NE510N, NE511N 

0 to ±75 

°C 
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NE5SE510/511-F,N 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE510 

NE510 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltage 



0.5 

2.0 


0.5 

3.0 

mV 



Overtemp.2 


1.5 

3.5 


1 

4 

mV 

los 

Input offset current 



2.0 

3.5 


2.0 

6 

juA 



Over temp.2 


2.5 

7.5 


2.5 

9 

mA 

Ib 

Input bias current 



8 

20 


8 

25 

mA 



Over temp.2 


16 

40 


10 

40 

mA 

Ale 

Differential collector 

ViN == 0, Ip = 2mA 


45 

62.5 


45 

75 



current per pair 

Over temp.2, Vin = 0, Ip = 2mA 


50 

100 


50 

100 

/uA 


Differential source 



30 

62.5 


30 

75 

>A 


current 

Over temp.2 


35 

100 


35 

too 

juA 

Icc 

Total current 



11 

15 


11 

15 

mA 

CMRR 

Common mode rejection 
ratio 


60 

80 


60 

80 

_i 


dB 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE511 

NE511 


Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input offset voltage 



0.5 

2.0 


0.5 

3.0 




Overtemp.2 


1.5 

3.5 


1 

4 


los 

Input offset current 











Over temp.2 








Ib 

Input bias current 



8 

20 

■HI 

8 

25 

HHH 



Over temp.2 


16 

40 


10 

40 


Ale 

Differential collector 

Vin = 0, Ip = 2mA 


45 

62.5 

■■■ 

45 

75 

mmm 


current per pair 

Over temp.2, Vin = 0, Ip = 2mA 


50 

100 

IBI 

50 

100 

HQH 

■■■llll 

Differential source 










current 

Over temp.2 

IHII 






HlffiH 

lec 

Total current 






11 


hshu 

CMRR 

Common mode rejection 
ratio 


60 

80 

HI 

60 

80 

H 


G 22 

Output conductance 








mmhos 

Cob 

Output capacitance 



2.5 



2.5 


PF 

ClB 

Input capacitance 



10 

[Hi 


10 


pF 


NOTES 

1. Standard test circuit of Figure 1. 

2. Operating temperature range; 

SE510/511 -55°C to +125°C 
NE510/511 0°C to +70°C 
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NE5SE510/511-F,N 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, V+ - 12V unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

EMITTER COUPLED 

CASCODE 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 


Re(Yii) 

Input conductance2,3 



0.7 



3.0 


mmhos 


Re(Y22) 

Output conductance2,3 



0.01 



0.01 


mmhos 


CiB 

Input capacitance2,3 



4.5 



10 


PF 


Cob 

Output capacitance2,3 



2.5 



2.5 


PF 



Reverse transfer capacitance2,3 



0.05 



0.05 


pF 

Forward transconductance2,3 



25 



90 


mmhos 


NOTES 

1. Applicable from DC to 10MHz 

2. Emitter coupled configuration figure 2 

3. Cascode configuration figure 3 


TYPICAL PERFORMANCE CHARACTERISTICS 


INPUT OFFSET VOLTAGE 
vs TEMPERATURE 


BASE EMITTER VOLTAGE 
vs EMITTER CURRENT 



CURRENT SOURCE vs 
BIAS NETWORK CURRENT 



BIAS NETWORK CURRENT — mA 

NOTE 

Vb is the voltage between the bases of the 
differential transistors and the emitter of the 
current source transistor. 


REFERENCE VOLTAGE vs 
BIAS NETWORK CURRENT 



0 1 2 3 4 5 

BIAS NETWORK CURRENT — mA 


TRANSCONDUCTANCE vs 
POWER SUPPLY VOLTAGE 
(Cascode connection) 


TRANSCONDUCTANCE vs 
COLLECTOR CURRENT 
(Emitter coupled) 



NOTE All characteristics for 25°C unless otherwise specified. 
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NE5SE510/511-F,N 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont’d) 


TRANSCONDUCTANCE vs 
BIAS NETWORK CURRENT 
(Emitter coupled) 



BIAS NETWORK CURRENT - mA 


CASCODE TRANSADMITTANCE vs 

TRANSCONDUCTANCE vs FREQUENCY 

DIFFERENTIAL V IN (Emitter coupled) 

(AGC connection) 



INPUT OFFSET VOLTAGE 
vs TEMPERATURE 


CURRENT SOURCE TRANSISTOR 
Vbe vs Ic 



-75 -50 -25 0 25 50 75 100 125 

TEMPERTURE-C 



0 0.2 0.4 0.6 O.B 1.0 

Vbe (VOLTS) 


BIAS DIODE FORWARD 
CHARACTERISTIC 



0 0.2 0.4 0.6 0.8 1.0 

Vp (VOLTS) 


BIAS DIODE REVERSE 
BREAKDOWN 
CHARACTERISTIC 


TRANSCONDUCTANCE vs 
COLLECTOR CURRENT 
(Emitter coupled) 


TRANSCONDUCTANCE vs 
DIFFERENTIAL INPUT 
VOLTAGE (Cascode) 




V R (VOLTS) COLLECTOR CURRENT - (mA) 

NOTE All characteristics for 25°C unless otherwise specified. 



-250 -150 -SO 0 +50 +150 +250 

DIFFERENTIAL INPUT VOLTAGE (NGC) - mV 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont’d) 


TRANSADMITTANCE vs Ic vs Vqe 

FREQUENCY 
(Emitter coupled) 



0.2 1 2 10 20 100 


FREQUENCY - MHz 


60 

SO 


10 



VcE (VOLTS) 


CONSTANT ft CONTOURS-MHz 
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N E5501 /5502/5503/5504-N 


DESCRIPTION 

These high-voltage, high-current Darling¬ 
ton transistor arrays are comprised of seven 
silicon NPN Darlington pairs on a common 
monolithic substrate. All units feature open 
collector outputs and integral suppression 
diodes for inductive loads. Peak inrush cur¬ 
rents to 600mA are allowable, making them 
ideal for driving tungsten filament lamps 
also. 

The Type NE5501 is a general-purpose 
array which may be used with DTL, TTL, 
PMOS, CMOS, etc. It is pinned with inputs 
opposite outputs to facilitate ease of circuit 
board layout and is priced to compete di¬ 
rectly with discrete transistor alternatives. 

The Type NE5502 was specifically designed 
for use with 14 to 257 PMOS devices. Each 
input has a Zener diode and resistor in 
series in order to limit the input current to a 
safe value. 

The Type NE5503 has a series base resistor 
to each Darlington pair, and thus allows 
operation directly with TTL or CMOS oper¬ 
ating at a supply voltage of 5V. 

The Type NE5504 has an appropriate series 
input resistor to allow its operation directly 
from CMOS or PMOS outputs utilizing sup¬ 
ply voltages of 6 to 15V. The required input 
current is below that of the Type NE5503 
while the required input voltage is less than 
that required by the Type NE5502. 

In all cases, the Individual Darlington pair 
collector current rating is 500mA. However, 
outputs may be paralleled for higher load 
current capability. All devices are supplied 
in a 16-pin dual In-line plastic “N” package. 


FEATURES 

• Output VcEO ^ 

• Peak inrush current 600mA 

• Protected internally against inductive 
loads 

• Open collector topology 

• Compatible with most logic technologies 


BLOCK DIAGRAM 



TYPE NE£ 
(each drh 

>501 

#er) 

——— O COM 

7.2K 3K 

KT— ' 

n 

I ° 

% 

’ 1 

1 

--i 

7 



PIN CONFIGURATION 



N PACKAGE 

INPUT A [T 
INPUT B [Y 
INPUT C [T 
INPUT D [T 
INPUT E [T 
INPUT F [T 
INPUT G [T 
GROUND [T 


Tel OUTPUT A 

Tsl OUTPUT B 

TTI OUTPUT c 

TT] OUTPUT D 

17] OUTPUT E 

TT] OUTPUT F 

Tol OUTPUT G 

"il DIODE COMMON 


1 



_[>o^ 







- 


ORDER PART NO. 

NE5501N 

NE5502N 

NE5503N 

NE5504N 




ABSOLUTE MAXIMUM RATINGS1.2 


PARAMETER 

RATING 

UNIT 

VCE 

Output breakdown voltage 

100 

V 

V|N 

Input voltage (except 5501) 

30 

V 

Vebo 

Emitter base voltage 

6 

V 

Ic 

Continuous collector current 

500 

mA 

Ib 

Continuous base current 

25 

mA 

Pd 

Power dissipation 

1.3 

W 

Ta 

Ambient temperature 

0 to +85 

°C 

Tsg 

Storage temperature 

-65 to +150 

°C 


NOTES 

1. Ta = 25°C 

2. Thermal resistivity, 0jA, = 95°C/Watt. 
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N E5501/5502/5503/5504-N 


DC ELECTRICAL CHARACTERISTICS Ta = 25 °C unless otherwise specified.! 2,3 


PARAMETER 

TEST CONDmONS 

NE5501 

NE5502 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

ICEX 

Output leakage current 

VcE = 100V, Ta = 70° C, 


0.1 

10 


— 


mA 



Test Fig.l A 










VcE = 100V, Ta = 70°C, 


: — 



0.1 

10 

jjtA 



Vin = 6V, Test Fig.IB 








VCESAT 

Collecter emitter 

lc = 350mA, lB = 500;uA, TestFig.2 


1.6 

2.0 


1.6 

2.0 

V 


saturation voltage 

lc = 200mA, lB = 350)uA,TestFig.2 


1.2 

1.6 


1.2 

1.6 

V 



lc = 100mA, Ib = 250/xA, Test Fig. 2 


1.0 

1.4 


1.0 

1.4 

V 

IlN 

Input current (ON) 

ViN = 17V, Test Fig. 3 


— 



0.9 

1.45 

mA 

l|N 

Input current (OFF) 

1 c = 500 mA, Ta = 70° C, Test Fig. 4 

50 

65 


50 

65 


mA 

V|N 

Input voltage (ON) 

VcE = 2V, Ic =300mA, Test Fig. 5 


— 




13 

V 

hFE 

Forward current gain 

VcE = 2V, Ic = 350mA, Test Fig. 2 

1000 




— 



Ir 

Clamp diode leakage 

Vr = 100V, Test Fig. 6 



10 



10 

mA 

Vf 

Clamp diode forward voltage 

If = 350mA, Test Fig. 7 


1.6 

2.0 


1.6 

2.0 

V 


DC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C unless otherwise specified.1,2 ,3 


PARAMETER 

TEST CONDITIONS 

NE5503 

NE5504 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

ICEX 

Output leakage current 

VcE = 100V, Ta = 70°C, 


0.1 

10 


— 


mA 



Test Fig.lA 










VcE = 100V, Ta = 70° C, 


— 



0.1 

10 

mA 



ViN = IV, Test Fig,IB 








VcESAT 

Collecter emitter 

lc = 350mA, Ib = 500mA, Test Fig. 2 


1.6 

2.0 


1.6 

2.0 

V 


saturation voltage 

lc = 200mA, Ib = 350mA, TestFig.2 


1.2 

1.6 


1.2 

1.6 

V 



lc = 100mA, Ib=250mA, Test Fig. 2 


1.0 

1.4 


1.0 

1.4 

V 

IlN 

Input current (ON) 

ViN = 3.85V, Test Fig. 3 





— 


mA 



ViN .= 5V, Test Fig. 3 


mm 



0.4 

0.65 

mA 



Vin = 12V, Test Fig. 3 

miiii 




1.1 

1.7 

mA 


Input current (OFF) 

Ic = 500mA, Ta = 70°C, Test Fig. 4 






■■■ 

mA 


Input voltage (ON) 

VcE = 2V, Ic = 200mA, Test Fig. 5 

■■ 

■■ 





V 



Vce = 2V, lc = 250mA,TestFig.5 







V 



Vce = 2V, Ic = 300mA, Test Fig. 5 

H 

H 




HH 

V 


Input voltage (ON) 

Vce = 2V, Ic = 125mA,Test Fig.5 




■■III 

■■■ 





VcE = 2V, Ic = 200mA, Test Fig. 5 










VcE = 2V, Ic = 275mA, Test Fig. 5 










VcE = 2V, Ic = 350mA, Test Fig. 5 

HU 

|HH 






Ir 

Clamp diode leakage 

Vr = 100V, Test Fig. 6 



10 



10 

mA 

Vf 

Clamp diode forward voltage 

If = 350mA, Test Fig. 7 


1.6 

2.0 


1.6 

2.0 

V 


NOTES 


1. Al I limits stated apply to the complete Darlington series except as specified for a single 
device type. 

2. The iiN(OFF) current limit guarantees against partial turn-on of the output. 

3. The Vin{on) voltage limit guarantees a minimum output sink current per the specified 
test conditions. 


380 


signotics 



















NE5501/5502/5503/5504-N 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

NE5501 

NE5502 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

CiN 

Input capacitance 





15 

30 


15 

30 

PF 

TpLH 

Turn on delay 

Input 

Output 

50% Ein to 50% Eout 


1 

5 


1 

5 

MS 

TPHL 

Turn off delay 

Input 

Output 

50% Ein to 50% Eout 


1 

5 


1 

5 

MS 


AC ELECTRICAL CHARACTERISTICS (Cont’d) Ta = 25°C unless otherwise specified. 


PARAMETER 

TO 

FROM 

TEST CONDITIONS 

NE5503 

NE5504 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

CiN 

Input capacitance 





15 

30 


15 

30 

pF 

TpLH 

Turn on delay 

Input 

Output 

50% Ein to 50% Eout 


1 

5 


1 

5 

MS 

TpHL 

Turn off delay 

Input 

Output 

50% Ein to 50% Eout 


1 

5 


1 

5 

MS 


2. The Iin(OFF) current limit guarantees against partial turn-on of the output. 

1. All limits stated apply to the complete Darlington series except as specified for a single 3. The Vin(ON) voltage limit guarantees a minimum output sink current per the specified 

device type, test conditions. 


TYPICAL PERFORMANCE CHARACTERISTICS 


COLLECTOR CURRENT AS A FUNCTION 
OF 

SATURATION VOLTAGE 


COLLECTOR CURRENT AS A FUNCTION 
OF 

INPUT CURRENT 


ALLOWABLE AVERAGE PACKAGE 
POWER DISSIPATION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


800 


e 600 

z 


tL 

I 

cc 

o 


g 200 


0 

0 0.5 1.0 1.5 2.0 

SATURATION VOLTAGE - VcE(SAr) 

























/ 







/ 





_ 

_ 

_ 1 

/ 

f 






.A 

f 






_ j 














_U 

< 

E 



INPUT CURRENT IN /uA - 1,^ 



INPUT CURRENT AS A FUNCTION 
OF INPUT VOLTAGE FOR TYPE NE5502 


INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE NE5503 


INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE NE5504 



NE! 

— 

502 




























—- n\0 








r 
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qI_1_I_I_1_1_I_I 
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INPUT VOLTAGE - V,^ 
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ULN2001/2/3/4-N 


DESCRIPTION 

These high-voltage, high-current Darling¬ 
ton transistor arrays are comprised of seven 
silicon NPN Darlington pairs on a common 
monolithic substrate. All units feature open 
collector outputs and integral suppression 
diodes for inductive loads. Peak inrush cur¬ 
rents to 600mA are allowable, making them 
ideal for driving tungsten filament lamps 
also. 

The Type ULN-2001 is a general-purpose 
array which may be used with DTL, TTL, 
PMOS, CMOS, etc. It is pinned with inputs 
opposite outputs to facilitate ease of circuit 
board layout and is priced to compete di¬ 
rectly with discrete transistor alternatives. 

The Type ULN-2002 was specifically de¬ 
signed for use with 14 to 25V PMOS devices. 
Each input has a Zener diode and resistor in 
series in order to limit the input current to a 
safe value. 

The Type ULN-2003 has a series base resis¬ 
tor to each Darlington pair, and thus allows 
operation directly with TTL or CMOS oper¬ 
ating at a supply voltage of 5V. 

The Type ULN-2004 has an appropriate 
series input resistor to allow Its operation 
directly from CMOS or PMOS outputs utiliz¬ 
ing supply voltages of 6 to 15V. The required 
input current is below that of the Type ULN- 
2003 while the required input voltage is less 
than that required by the Type ULN-2002. 

In all cases, the individual Darlington pair 
collector current rating is 500mA. However, 
outputs may be paralleled for higher load 
current capability. All devices are supplied 
in a 16-pin dual in-line plastic “BA” 
package. 


FEATURES 

• Peak inrush current 600mA 

• Protected internally against inductive 
loads 

• Open collector topology 

• Compatible with most logic technologies 


PIN CONFIGURATION 


N PACKAGE 


u— >o 


[T—tx> 
[T—>> 


w 


M 


M 


:ii 

n 

■m 






22] 




ORDER PART NO. 

ULN2001N 

ULN2002N 

ULN2003N 

ULN2004N 


EQUIVALENT SCHEMATICS 






ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air temperature for any one 

Darlington pair unless otherwise specified. 


PARAMETER 

RATING 

UNIT 

VCE 

Output voltage 

50 

V 

ViN 

Input voltage 

30 

V 

Vebo 

Emitter base voltage 

6 

V 

Ic 

Continuous collector current 

500 

mA 

Ib 

Continuous base current 

25 

mA 

Pd 

Power dissipation 

1.3 

W 


Derating factor above 25° C 

95 

°C/W 

Ta 

Ambient temperature range (operating) 

0 to +85 

°C 

Ts 

Storage temperature range 

-65 to +150 

°C 


'NOTE 

Under normal operating conditions, these units will sustain 350mA per output with 
VcE(SAT) = 1.6V at 70°C with a pulse width of 20 ms and a duty cycle of 30%. 


383 


I 





















ULN2001/2/3/4-N 


iii n ii vn i TAfir/ no^^GMaH 
rRAwasTOR^ag ^ 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise speGified/i-2,3 


PARAMETER 

TEST CONDITIONS 

Test 

Fig. 

LIMITS 

UNIT 

Min 

Typ 

Max 

IcEX Output leakage current 

Vce = 50V, Ta = 70°C 

1A 

— 

— 

100 

mA 

Type ULN-2002 

VcE = 50V, Ta = 70° C, Vin = 6V 

IB 

— 

— 

500 

mA 

Type ULN-2004 

VcE = 50V. Ta = 70° C, Vin = 1V 

IB 

— 

— 

500 

mA 

VcE(SAT) Collector-emitter 

Ic = 350mA, Ib = 500^tA 

2 

— 

1.25 

1.6 

V 

Saturation voltage 

Ic = 200mA, Ib = 350mA 

2 

— 

1.1 

1.3 

V 


Ic = 100mA, Ib = 250/xA 

2 

— 

0.9 

1.1 

V 

liN(ON) Input current 







Type ULN-2002 

Vin = 17V 

3 

— 

0.85 

1.3 

mA 

Type ULN-2003 

Vin = 3.85V 

3 

— 

0.93 

1.35 

mA 

Type ULN-2004 

Vin = 5V 

3 

— 

0.35 

0.5 

mA 


< 

z 

II 

ro 

< 

3 

— 

1.0 

1.45 

mA 

liN(OFF) Input current 

Ic = 500yuA. Ta = 70°C 

4 

50 

65 

— 

iuA 

ViN(ON) Input voltage 







Type ULN-2002 

VcE = 2V. Ic = 300mA 

5 

— 

— 



Type ULN-2003 

VcE = 2V, Ic - 200mA 



— 




VcE = 2V, Ic = 250mA 



— 




VcE = 2V, Ic - 300mA 


lEH 

— 

3.0 


Type ULN-2004 

Vce = 2V, Ic = 125mA 

5 

— 

— 

5.0 

V 


VcE = 2V, Ic = 200mA 

5 

— 

~ 

6.0 

V 


VcE = 2V, Ic = 275mA 

5 

— 

— 

7.0 

V 


VcE = 2V, Ic = 350mA 

5 

— 

— 



hFE D-C forward current 

VcE = 2V. Ic = 350mA 

2 

1000 




transfer ratio 







Type ULN-2001 






m 

CiN Input capacitance 


- 

- 

15 

30 

PF 

Ir Clamp diode leakage 

Vr = 50V 

6 

— 

— 

50 

mA 

current 







Vf Clamp diode forward voltage 

If = 350mA 

7 

- 

1.7 

2 

V 


NOTES 


1. All limits stated apply to the complete Darlington series except as specified for a single 
device type. 

2. The liN(OFF) current limit guarantees against partial turn-on of the output. 

3. The \/(N(0N) voltage limit guarantees a minimum output sink current per the specified 
test conditions. 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified.i 2,3 


PARAMETER 

TEST CONDITIONS 


LIMITS 

m 

Min 

Typ 


tpLH Turn-on delay 

0.5 Ein to 0.5 Eout 

— 

- 

1.0 

5 

fxS 

tpHL Turn-off delay 

0.5 Ein to 0.5 Eout 

- 

- 

1.0 

5 

MS 


NOTES 

1. All limits stated apply to the complete Darlington series except as specified for a single 
device type. 

2. The Iin(OFF) current limit guarantees against partial turn-on of the output. 

3. The Vin(ON) voltage limit guarantees a minimum output sink current per the specified 
test conditions. 
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ULN2001/2/3/4-N 


TYPICAL PERFORMANCE CHARACTERISTICS 


COLLECTOR CURRENT AS A FUNCTION 
OF 

SATURATION VOLTAGE 


COLLECTOR CURRENT AS A FUNCTION 
OF 

INPUT CURRENT 


ALLOWABLE AVERAGE PACKAGE 
POWER 

DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
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SATURATION VOLTAGE - Vp 


200 400 600 

INPUT CURRENT IN 


50 100 150 

AMBIENT TEMPERATURE IN “C 


INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN-2002 


INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN-2003 


INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN-2004 
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DESCRIPTION 

The CA3081 and CA3082 are monolithic 
integrated circuits each consisting of seven 
separate npn transistors on a common sub¬ 
strate. The transistors are capable of driving 
loads up to 100mA. At the same time the 
transistor geometry used gives maximum 
current gain at quite low currents, making 
the devices also suitable for small signal 
applications. In the CA3081 the transistors 
are connected in common emitter configu¬ 
ration while in the CA3082 the collectors 
are common. The transistor arrays are par¬ 
ticularly suitable for driving light-emitting 
diodes and seven-segment displays as well 
as for general purpose applications. 

FEATURES 

• VcbO=50V 

• VCEO-35V 

• Collector current 100mA 

• Common emitter or common collector 
configuration 


PIN CONFIGURATIONS 





PARAMETER 

RATING 

UNIT 

VCEO 

Collector-emitter voltage (open base) 

35 

V 

VCBO 

Collector-base voltage (open emitter) 

50 

V 

Vcso 

Collector-substrate voltage (open base and emitter) 

50 

V 

Vebo 

Emitter-base voltage (open collector) 

6 

V 

Ic 

Collector current (dc) 

100 

mA 

Ib 

Base current (dc) 

20 

mA 

p 

Power dissipation: 
any one transistor 

500 

mW 

Ptot 

total package (see derating curve) 

750 

mW 

Ta 

Operating ambient temperature 

-40 to +125 

°C 

Tstg 

Storage temperature 

-50 to +125 

°C 

Tj 

Junction temperature 

125 

°c 


Lead temperature (10 sec) 

1 

300 

°C 


sionDtics 
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CA3081/3082-N 


DC ELECTRICAL C HARACTERISTICS Ta = 25®C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

CA3081/3082 

UNIT 

Min 

Typ 

Max 

VcEO Collector-emitter breakdown voltage 

Ic = 1mA, Ib = 0 

35 



V 

Vcso Collector-substrate breakdown voltage 

Ic = 1mA, Ib = 0, Ie = 0 

50 



V 

VcBo Collector-base breakdown voltage 

Ic =10mA, Ie = 0 

50 



V 

Vebo Emitter-base breakdown voltage 

Ie = lO^uA, Ic = 0 

6.5 

7.0 

7.5 

V 

hfe DC current gain 

Ie = VcE = 5V 

50 


300 



lE = 1mA, Vce = 5V 

50 


300 



Ie = 20mA, VcE = 5V 

30 


200 


VsAT Saturation voltage 

Ic = 5mA, Ib = .5mA 


■a 


m 


Ic = 50mA, Ib = 5mA 


■9 


■I 


NOTE 

As each collector forms a parasitic diode with the substrate, the substrate has to be 
connected to a voltage which is lower than the lowest collector voltage. 

To avoid parasitic coupling between the transistors, the substrate (pin 5) should be 
connected to signal ground. 

TYPICAL PERFORMANCE CHARACTERISTICS 



POWER DISSIPATION 
DERATING CURVE 


Pfot 

(mW) 

1000 

500 

0 












V 






-50 0 50 100 150 
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NE502-N 


DESCRIPTION 

The NE502 is a MOS monolithic integrated 
circuit, generally intended to delay ana¬ 
logue signals (e.g. delay time = 512/2fo). 

It can be used with clock frequencies in the 
range 5kHz to 500kHz. 

The device contains 512 stages, so the input 
signal can be delayed from 51.2ms to 
0.512ms. 

FEATURES 

• 5 to 500kHz clock frequency 

• 512 stages 

• Signal delay of 51.2 to .512ms 

• Signal frequency to 45kHz 


EQUIVALENT SCHEMATIC 


APPLICATIONS 

• Fixed analog delay 

• Vox control 

• Equalizing speech delay in PA systems 

• Vibrato and chorus effects 

• Reverberation 

• Variable compression/expansion of 
speech 

• Speech scrambling and time scale con¬ 
version 


PIN CONFIGURATION 

N PACKAGE 


CLOCK |-r- 
INPUT1 LL 

NC [T 

NC [T 

CLOCK rr- 
INPUT2 '- 

signal rr 

INPUT I- 

NC 

NC [T 

OUTPUT 513 [F 


Te] GROUND 

Isl NC 

ITI NC 

rjjl TETRODE 
-1 GATE (V13-16) 

I 2 ] OUTPUT 512 
TT] NC 
ITl NC 

NEGATIVE 
-1 SUPPLY (Vdd) 


ORDER PART NO. 

NE502N 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Voltages* 

V 9-16 Supply voltage 

0 to -20 

V 

Clock input, data input, output voltage 

Oto -18 

V 

and V 13-16 

Current 

I8,h2 Output current 

Oto +5 

mA 

Temperatures 

Tstg Storage temperature 

-40 to +150 

°C 

Ta Operating ambient temperature 

-20 to +85 

°C 


•NOTE 

Though MOS integrated circuits incorporate protection against electrostatic discharge, 
they can nevertheless be damaged by accidental over-voltages. To be totally safe, it is 
desirable to take handling precautions into account. 
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NE502-N 


DC ELECTRICAL CHARACTERISTICS Ta = - 20 »C to +55°C, Vdd = -15V, Vtf>i = V 02 = -15V. 

V 13-16 = -14V, Rl = 47kn unles.s otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE502 

UNIT 

Min 

Typ 

Max 

Vdd Supply voltage) 

Idd Supply current 





>1 

V</) 1 H, V</) 2 H Clock voltage high 

V</)iL, V02L Clock voltage lowi 




0 

-10 

V 

V 

ViN Input voltage 

Rl Load resistancei 

VouT< 1%THD 

10 

2.5 

47 


Vrms 

kn 


AC ELECTRICAL CHARACTERISTICS Ta = -20°C to +55°C, Vdd = -15V, v^i = V 02 = -15V. 

V 13-16 = -14V, Rl = 47kn unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE502 

UNIT 




f</)1, f4>2 

Clock frequency2 


5 




T</)i, T02 

Clock pulse widths 



■■ 

.5 

T 

Tr<t>^, Tr4>2 

Clock rise times 





T 

Tf</)i, Tf</)2 

Clock fall times 


mm 



T 

fs 

Signal frequency 



■|| 

45 

kHz 


Signal attenuationi 

f0 = 40kHz, fs = 1kHz 



7 

dB 


Output signal variation 

fs = 1kHz, Vs = IVrms, 5kHz < i4> < 100kHz 


.5 

1 

dB 


Output signal variation 

fs = 1kHz, Vs = IVrms, 100kHz <i<f>< 300kHz 


.5 

1 

dB 

AVout 

DC voltage shift 

5kHz < f<^ < 300kHz 



.5 

V 

Vn 

Noise voltage 

f0 = 100kHz (weighted by “A” curve) 


.25 


mVrms 

S/N 

Signal to noise 



74 


dB 


NOTES 


1. It is recommended that V 13-16 = V0il +1V = V<^) 2 L +1V; Vqd niore negative than V</)l. 

2. In theory the clock frequency must be higher than twice the highest signal frequency; 
in practice fs < 0.3f</> to O.5f0 is recommended, depending on the characteristics of the 
output filter. 

3. T = period time = 1/f0. The data on fall and rise times are given to eliminate overlap 
between the two clock pulses. To be independent of these rise and fall times a clock 
generator with simple gating can be used. See also pages 5 and 8. 
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NE502-N 


TIMING DIAGRAM 



OUTPUT VOLTAGE vs 
SIGNAL VOLTAGE 



0 -5 -10 -15 

Vs(V) 

Vdd = -15V 
Vi3-16 = -14V 
V</)H = OV 
f0 = 40kHz 
Rl = 47ka 
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NE502-N 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 































NE502-N 


TYPICAL APPLICATIONS (Cont d) 



TYPICAL APPLICATIONS (Contd) 


CLOCK OSCILLATOR AND DRIVER CIRCUIT WITH ELIMINATION 
OF OVERLAP (FOR MAX. 6xNE502) 


SqI 


Sd2 


1 9 

r. 

□i O-j 

11 


CPl FF 


CPg ff 

Oi 



CdI 


Cd2 

4 

S 5.1 

10 


> kfl 



Vdd= 0 
Vss= -15 V 
f(A = 15kHz 




SAA1027-N 


DESCRtPTION 

The SAA1027 is intended for driving a four 
phase two stator stepper motor. The circuit 
consists of four output stages, a logic part 
and three input stages. The logic part is 
driven by three input stages; a trigger input 
stage, an input stage which can change the 
switching Sequence of the logic part so that 
the motor can rotate clock wise (CW) or 
counter clock wise (CCW) and a set input 
stage to set the four output stages. The 
three inputs are compatible with high noise 
immunity logic to ensure proper operation, 
even in noisy environments. The output can 
deliver 350mA in each phase. The right 
switching sequence of the four phases is 
obtained from the logic part of the circuit. 
Integrated diodes protect the outputs 
against transient spikes. 


FEATURES 

• CW or CCW rotation 

PIN CONFIGURATION 



• 4-phase drive 

N PACKAGE 

• Few external components 




NC [T 


Til NC 


S (SET INPUT) [T 


Ti] TRIGGER INPUT 


R (CW/CCW fzr- 
INPUT) 


-, Vp POSITIVE 

14 P 

SUPPLY 


Vb positive 

SUPPLY '- 


Vd POSITIVE 
SUPPLY 


GROUND [T 


TT] GROUND 


OUTPUT 01 


TT] OUTPUT 04 


NC [T 


T^ NC 


OUTPUT 02 [T 


~9] OUTPUT 03 


ORDER PART NO. 

SAA1027N 


EQUIVALENT SCHEMATIC 


BI-DIRECTIONAL, 4 POSITION, SYNCHRONOUS COUNTER 
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SAA1027-N 


EQUIVALENT SCHEMATIC (Cont d) 


15 3 2 



supply 

trigger 

CW/CCW 

set stage 

output stages 

voltages 

stage 

stage 




ABSOLUTE MAXIMUM RATINGS Limiting values in accordance with the 

Absolute Maximum System (lEC 134) 


PARAMETER 

RATING 

UNIT 


VOLTAGES 



Vp 

Supply voltage (pin 4, 13, 14) 

20 

V 

Vi 

Input voltage; R (pin 3), S (pin 2), 

T (pin 15) 

CURRENT 

20 

V 

Iq 

Output current; Qi (pin 6), Q2 (pin 8), Q3 

500 

mA 


POWER DISSIPATION 

TEMPERATURES 

See figure 1 


Tstg 

Storage temperature 

-40 to +125 

°C 

Ta 

Operating ambient temperature 

THERMAL RESISTANCE 

-20 to +70 

°C 

0 ]a 

From junction to ambient 

70 

°C/W 


‘NOTE 


Additional power caused by the self-inductance of the motor-coils will be dissipated in the 
diodes (D31 to D34). 






SAA1027-N 


TRUTH TABLE1.2 







= H 





X 

II 

_ 

_ _ R = ‘- _ ^ _I 

T 

Q1 

Q2 

Q3 

Q4 

T 

QI 

Q2 

Q3 

Q4 

0 

L 

H 

L 

H 

0 

L 

H 

L 

H 

1 

H 

L 

L 

H 

1 

L 

H 

H 

L 

2 

H 

L 

H 

L 

2 

H 

L 

H 

L 

3 

L 

H 

H 

L 

3 

H 

L 

L 

H 

4 

L 

H 

L 

H 

4 

L 

H 

L 

H 


Trigger Conditions(T) 

NOTES 


1. Direction conditions (R) 

The direction of rotation can be changed at any moment independent of the state of 
the T and S inputs. 

2. Set conditions (S) 

When T is HIGH and S LOW then the outputs are set; Qi = L, Q 2 = H, Q 3 = L, Q 4 = H. 


DC ELECTRICAL CHARACTERISTICS -20° C < Ta < 65°, Vp = 12V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SAA1027 

UNIT 

Min 

Typ 

Max 

Vp 

Supply voltage (pin 14) 


9.5 

12 

18 

V 

Ip 

Supply current 

Pin 4 open, without loads, all 







inputs high 

2.0 

4.5 

6.5 

mA 

ViH 


R, S, T inputs 

7.5 



V 

IlH 


R, S, T inputs 


1 


mA 

ViL 


R, S, T inputs 



4.5 

V 

IlL 


R, S, T inputs 


30 


mA 

Vq 

Supply voltage 

Each output stage 

1.5 

12 

18 

V 

Iq 

Supply current 

Each output stage 



350 

mA 

VSAT 

Saturation voltage 




1 

V 


Bias voltage and current 

Reference Figure 2. 



1 



Bias resistor 

Reference Figure 3. 






Bias resistor power dissipation 

Reference Figure 4. 





Device power dissipation 

Reference Figure 5. 






TYPICAL PERFORMANCE CHARACTERISTICS 



-50 0 50 100 150 

Ta (°c) 


Figure 1 


BIAS VOLTAGE AND CURRENT 



0 50 100 150 

0 1 2 3 


iB(mA) V4-|2(V) 

Figure 2 



10 1o2 10^ 

rb (n) 

Figure 3 
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TAA960-K 


DESCRIPTION 

The TAA960 consists of three identical 
general-purpose amplifiers integrated in a 
single silicon chip. The amplifiers can be 
used separately or can be cascaded to g ive a 
voltage gain of 117dB. One of the amplifiers 
has an additional emitter-follower stage. 
The TAA960 is very suitable for use in an 
active RC band-pass filter with Q up to 60. 


FEATURES 

• Cascade voltage gain of 117dB 

• Typical Q of 45 in filter 

• Input resistance > 25K 

• Triple configuration 

• Emitter follower output available 


EQUIVALENT SCHEMATIC 



PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 



PARAMETER 

RATING 

UNIT 

V3 

Voltages with respect to pin 10 
Supply voltage 

10 


Vs, Vz, V 1 

Input voltage 

4 


CM 

> 

in 

> 

CO 

> 

Output voltage 

10 


Is, Iz, li 

Input current 

50 


Ptot 

Total power dissipation 

250 


Tstg 

Storage temperature 

-65 to +125 


Ta 

Operating ambient temperature 

-55 to +65 



NOTES; 

1. With lower dc potential on all other terminals. 
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Icc 

Supply current2 

Icc 

Supply current 2 

Avol 

Voltage gain (each amplifier) 

Rin 

Input resistance 

Rout 

Output resistance 

Rout 

Output resistance 


2. Terminal 8 connected to terminal 6 
Terminal 7 connected to terminal 5 
Terminal 1 connected to terminal 2 


TYPICAL APPLICATIONS 


ACTIVE RC FILTER FOR FREQUENCIES UP TO 150kHz 



R = 10kn 

This frequency range can be extended to 200kHz if a feed forward capacitor is connected 
between pin 5 and 8. 


Supply voltage 
Filter performance 
at Ta = 25°C 
at Ta = -30 to +65° C 
Input voltage 
Output voltage 
Distortion at Vo = 350mV 
S/N ratio at Vo = 400mV 
Input resistor* 



Value of input resistor to be determined for - 
























TCA210-N 


DESCRIPTION 

The TCA210 is a monolithic integrated cir¬ 
cuit comprising two amplifiers for use in 
intercoms and other audio systems. The 
first is a high-grain pre-amplifier with differ¬ 
ential input and a class-A output stage 
which can deliver 2.5mW into an 8000 load. 
The second is a power amplifier with a 
class-B output stage capable of delivering 
SOOmW into a 250 load. 

Speech rating: up to SOOmW can be deliv¬ 
ered into a 150 load for short periods. When 
there is no signal, the current consumption 
is 8mA (typ.). Squelch provision incorporat¬ 
ed in both amplifiers can be used to ensure 
maximum battery life. 

FEATURES 

• Noise figure < 6dB 

• Separate supply and ground leads 

• Preamp open loop gain of 10KV/V 

• Output amplifier gain of 500V/V 

• Output power SOOmW 


PIN CONFIGURATION 

N PACKAGE 



ORDER PART NO. 

TCA210N 


PREAMPLIFIER 
GROUND 
+PREAMP 
INPUT 

PREAMPLIFIER V + 

+ AMPLIFIER 

INPUT 

AMPLIFIER 

COMPENSATION 

AMPLIFIER 

COMPENSATION 

AMPLIFIER V + 

AMPLIFIER 

OUTPUT 


EQUIVALENT SCHEMATIC 
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TCA210-N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Voltages 



Pin 8 must be externally connected to pin 16 



Pins 3, 9, 10, 14 with respect to pin 16 

17 

V 

Pins 1, 15, 5, 13 with respect to pin 16 

17 

V* 

Pin 1 with respect to pin 15 

±5 

V 

Pin 5 with respect to pin 13 

±5 

V 

Currents 



Pin 10 

550 

mA 

Pin 9 

±550 

mA 

Pin 8 

550 

mA 

Pin 14 

20 

mA 

Pin 3 

±20 

mA 

Pins 2, 4. 6, 7. 11, 12 

5 

mA 

Pins 1, 15, 5, 13 

0,5 

mA 

Temperatures 



Storage temperature Tstg 

-55 to ±125 

°C 

Operating ambient temperature 



(see also graph) Ta 

-55 to ±125 

°C 


‘NOTE 


For a supply voltage less than 14V, the maximum input voltage is equal to the supply 
voltage. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, V+ = 12 volts unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Ib 

Input bias current 

Pins 1 and 15 1/2(li+li5) 


2.5 


mA 

Icc 

Supply current 

Pin 14 


4 


mA 

Ib 

Input bias current 

Pin 2 


200 


mA 

Ib 

Input bias current 

Pins 5 and 13 1/2(l5±li3) 


2 


AxA 

Icc 

Supply current 

Pin 10, no signal 


4 

. 

mA 

Ib 

Bias current 

Pin 7 


150 


/uA 

Avol 

Open loop gain 


65 

80 


dB 


(Preamplifier) 







Output transistor 


2.5 



mA 

Output amplifier 






Avol 

Open loop voltage gain 



54 


dB 

Pout 

Output power 



450 


mW 

Preamplifier 






Nf 

Noise figure 

Rs = 5Ka Bw = 300 to 4KHz 


4 


dB 

Bw 

Unity gain bandwidth 

6 dB/octave compensation 


10 


MHz 

Output amplifier 






Thd 

Total distortion 

f = 1 KHz, Po = 50mW, Rl = 750 


1.5 


% 


NOTE 

V+ = 12 volts, Ta = 25°C unless otherwise specified 
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TCA210-N 


TYPICAL APPLICATION 

PRE-AMPLIFIER AND OUTPUT AMPLIFIER FOR INTERCOM SYSTEMS 



TYPICAL PERFORMANCE 
CHARACTERISTICS 


TOTAL POWER DISSIPATION 


1000 

5 

£ 

o 

500 























\ 
















00 0 100 200 

TA^C) 


ELECTRICAL CHARACTERISTICS Ta = 25°C; Vp = 12 V 


PARAMETER 

LIMITS 

UNIT 

Min 

Typ 

Max 

PRE-AMPLIFIER 





Po 

Output power at Rli = 800n 



2, 5 

mW 

B 

Bandwidth (-3dB) 



4 

kHz 

Il4 

Total current 



4, 0 

mA 

Vii 

Input signal 



1, 5 

mV 

IZil 

Input impedance 



500 

n 

OUTPUT AMPLIFIER 





Po 

Output power at Rl2 = 250; dtot = 5% 



500 

mW 

Po 

at Rl2 = 1SH; dtot = 5% 



800 

mW 

B 

Bandwidth (-3dB) 



4 

kHz 

dtot 

Total distortion at Po = 50mW 



1, 5 

% 

Vi2 

Input signal 



260 

mV 

IZil 

Input impedance 



1, 3 

kn 

ho 

Total current (dc; no signal; pin 10) 

. 

i 


4 

mA 


















TCA580-N 


DESCRIPTION 

The TCA580 is a monolithic integrated gy- 
rator circuit with floating inputs. It is in¬ 
tended mainly to replace the coils in tele¬ 
phony low-pass filters. The simulated 
inductance consists of the 1C, two resistors 
Rgi and Rg 2 and a capacitor C2. With this 
configuration, inductances of up to 1MH ± 
2 % can be achieved. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Frequency range dc to 10kHz 

• Q’s of 500 to 5000 

• Operating temperature range -20 to 
+70° C 

• Efficiency of 1.4% 


PIN CONFIGURATIONS 


N PACKAGE 

TO PIN 15 [T 


lei V- 

RpCl 


lei TO PIN 1 

RG2 CE 


l4] Rg2 

C2 [T 


Ul C2 

Rgi [E 


il] 

Cl [T 


HI ci 

NC [T 


To1 NC 

Rp [T 


o 

FI 


ORDER PART NO. 

TCA580N 


PARAMETER 

RATING 

UNIT 

V+ to V- 

Supply voltages 

14 

V 

±V|C 

Common mode input voltage 

14 

V 

±V|D 

Differential input voltage 

14 

V 

Tstg 

Storage temperature 

-55 to +125 

°c 

Tamb 

Operating ambient temperature 

-20 to +70 

°c 


BLOCK DIAGRAMS 



BASIC CIRCUIT 



DC ELECTRICAL CHARACTERISTICS Ta 25°C, V+ = 4.4V, V- = -7.6V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

TCA580N 

UNIT 

Min 

Typ 

Max 

Ip 

Supply current 

Rp = 50kn 


0.8 


mA 

n 

Efficiency 

(Signal Power Supply Power) 


1.4 


% 

AL 

Inductor tolerance 



±0.2 


% 

Q 

Quality factor 

Pin 11 grounded, f = 200Hz, Rgi = Rg 2 = 10kn 

500 


5000 


VOUT 

Output voltage (peak) 




1.6 

V 

Vos 

Input offset voltage 




25 

mV 

los 

Input offset current 




9 

mA 


405 
















16 












TYPICAL PERFORMANCE 
CHARACTERISTICS 



10 102 103 

«res(Hz) 


Quality factor as a function of frequency at 
pin 11 connected to earth. (See Figure 1). 




TCA580-N 


TYPICAL CONNECTION 



The values for L and fres in the circuit above are: 

L = Rgi Rg 2 C2 = 8.2H 
1 =194Hz 


27r VRgiRG2 C1 C2 


Figure 1 


TYPICAL APPLICATIONS __ 

Circuit and response of a low-pass filter with three TCA580 gyrators. 


SlOK . 1 

>±i%^ I TT J : 

ui . 

: t ^ i 

X TCA580 

T- ■ T 

TCA580 

TCA580 

. I 












TCA980-K 


DESCRfPTION 

The TCA980 is a monolithic integrated mi¬ 
crophone amplifier. It Is primarily intended 
for use with low-impedance microphones in 
telephone systems. The output of the ampli¬ 
fier is 22mV/jubar when used with a micro¬ 
phone having an impedance of 200n and a 
sensitivity of 100/uV//^bar. A capsule assem¬ 
bly containing the TCA980, a low- 
impedance microphone and a 0.22/xF ca¬ 
pacitor can directly replace a carbon micro¬ 
phone. The dc supply to the device may be 
of either polarity. 


FEATURES 

• Voltage gain - 220V/V 

• Noise voltage 1.3mVrms 

• Single supply operation 


ABSOLUTE MAXIMUM RATINGS 



PARAMETER 

RATING 

UNIT 

±l2 

Supply current (dc) 

100 

mA 


Non-repetitive peak current 

100 

mA(ac)i 

+I 3 

Current Into pin 3 (dc) 

Total power dissipations 

100 

mA 

Tstg 

Storage temperature 

-55 to +125 

°C 

Ta 

Ambient temperature 

-55 to +125 


Tcr 

Crystal temperature 

THERMAL RESISTANCE 

125 

<>c 

0jC 

From crystal to case 

65 

°c/w 

djA 

From crystal to ambient 

180 

°c/w 


PIN CONFIGURATIONS 


K PACKAGE 


0.86MAX 



1-^ 5.08 -*►1 
- 9.4 MAX -► 



Jl 0.48 
TMAX 


ORDER PART NO. 

TCA980K 


NOTES 


1. Superimposed on 100mA (dc) 

2. See derating curve. 
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TCA980-K 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Test Figure 1 unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

TCA980 

UNIT 

Min 

Typ 

Max 

Avol 

Voltage gain 

Test Figure 1, f = 2kHz, I 2 = ±30mA 

190 

220 

260 

v/v 



Test Figure 1, f = 2kHz, I 2 = ±10mA 

160 


260 

v/v 

AAvol 

Voltage gain change 

-20°C<Ta<55°C 



10 

% 



300Hz < f < 2kHz 


1 

3 

dB 

VOUT 

Output voltage 

f = 2kHz, dTOT < 5%(rms), I 2 = ±10mA 

1 



V 



f = 2kHz, diOT < 5%(rms), I 2 = ±30mA 

1.35 



V 



f = 2kHz, djoT < 5%(rms), I 2 = ±60mA 

1 

1.5 


V 

Vn 

Output noise voltage 

BW = .3kHz to 4kHz 



1.3 

mVrms 

Rout 

Output impedance 

f = 2kHz, I 2 = ±30mA 


150 


a 


TYPICAL PERFORMANCE 
CHARACTERISTICS 


POWER DISSIPATION 
DERATING CURVE 



-50 0 50 100 


Ta(“C) 


TEST LOAD CIRCUITS 



Test Figure 1 
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TDA1024-N 


DESCRIPTION 


FEATURES 


PIN CONFIGURATION 


The TDA1024 is a monolithic integrated 
circuit intended for use in ON/OFF control 
of triacs in static switching applications. It 
incorporates zero voltage point triggering 
to minimize radio interference. 

The TDA1024 is mainly intended for appli¬ 
cations such as switching resistive loads 
and replacing mechanical thermostats in, 
for example: 

Central heating installations, 

Washing machine heaters. 

Water heaters, 

Smoothing irons. 

Functions of the TDA1024 are; 

1. A comparator with Schmitt-trigger ac¬ 
tion. 

This circuit compares the control voltage 
at pin 5 with the reference voltage at pin 4 
and switches on when the control voltage 
exceeds the reference voltage. The hys¬ 
teresis of the circuit is adjustable be¬ 
tween 20mV and 300mV by selection of 
the value of a resistor connected between 
pin 3 and pin 1. 

2. An input buffer circuit with high input 
impedance and low output impedance. 
This circuit presents a low impedance to 
the comparator input so that the hystere¬ 
sis of the circuit is independent of varia¬ 
tions of the input voltage. 

3. A control circuit dc supply which pro¬ 
vides a zener-limited nominal 6.5V sup¬ 
ply, at a current of up to 30mA, for appli¬ 
cation to the input bridge. 

4. A zero-crossing detector which produces 
an output when the sinusoidal voltage 
applied to pin 6 passes through zero; 
advantage of this mode in minimum radio 
interference. 

5. A control gate which inhibits the output 
trigger pulse from the TDA1024 unless 
there are outputs from both zero¬ 
crossing detector and comparator. 

6 . An output stage which delivers a positive¬ 
going, mains-synchronized triac trigger 
pulse whenever the control gate is acti¬ 
vated. The output from this stage is 
current-limited and protected against 
short-circuit. Since the current and vol¬ 
tage in the load must be in phase for 
mains-synchronized switching, the ap¬ 
plications of the TDA1024 are restricted 
to the switching of resistive loads. 


• Trigger current > 100mA 

• Supply derived from ac lines 

• Adjustable hysteresis 

• Minimum of external components 


N PACKAGE 


GROUND 


tu 


CONTROL CIRCUIT 
DC SUPPLY 


TRIGGER p—I 
OUTPUT LLJ 


I 7 I AC MAINS SUPPLY 


HYSTERESIS |- j 

CONTROL 1..?. I 


^ MAINS 

SYNCHRONIZATION 


REFERENCE 

INPUT 


w 


CONTROL INPUT 


ORDER PART NO. 

TDA1024N 


BLOCK DIAGRAM 


MAINS CONTROL CIRCUIT MAINS 

(Vs) DC SUPPLY SYNCHRONIZATION 



HYSTERESIS 

CONTROL 


ABSOLUTE MAXIMUM RATINGS 



PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage (pin 7) 

8 

V 

VlN 

Max applied voltage (pin 2, 3, 

4, 5 & 8 reference to pin 1) 

8 

V 

Icc 

Supply current (pin 7) average 

30 

mA 

Icc 

Supply current (pin 7) peak 

80 

mA 


Max current pins 4, 5, & 6 

10 

mA 


Non-repetitive peak current 
(pin 7) Tp<50/zS 

2 

A 

lOUT 

Output current (pin 2) average 

30 

mA 

lOUT 

Output current (pin 2) peak 

Tp < 300^x5 

400 

mA 

TsG 

Storage temperature 

-55 to +125 

°C 

Ta 

Operating ambient temperature 

-20 to +80 

°C 

Pd 

Power dissipation 

See derating curve 



Lead temperature (soldering, lOsec) 

300 

°C 


smnDtiBS 
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TDA1024-N 


EQUIVALENT SCHEMATIC 



DC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

TDA1024 

UNIT 

Min 

Typ 

Max 


Trigger output 






lOUT 

Trigger output current 

V 8-1 = 5.5V 

100 



mA 

. 

V 2 -I 

Trigger output voltage 

louT =100mA 

4 



V 


Comparator 






I 4 

Input current pin 4 

V 4-1 > V 5-1 



5 

/jlA 

I 5 

Input current pin 5 




5 

mA 

V8 

Control circuit dc supply (pin 8) 

l 7 = 10mA 

5.5 

6.5 

7.5 

V 

Icc 

Supply current 

V 5-1 > V 4 - 1 , V 8-1 = 5.5V, pins 2 & 

3 open minimum hysteresis 



1.8 

mA 

Icc 

Supply current 

Pin 2 open, pin 3 = OV, V 5-1 > V 4-1 



3 

mA 



V 8-1 = 5.5V maximum hysteresis 






SiQIIDtiCS 
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TDA1024-N 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

TDA1024 

UNIT 

Min 

Typ 

Max 

Ttrigger 

Trigger pulse width 

l6= 1mA, V 8-1 -5.5V 

130 

195 

265 

flS 

AV 5-4 

Comparator hysteresis 

Pin 3 open, I 3 = 0 

10 


30 

mV 

AV 5-4 

Comparator hysteresis 

V 3 = 0 


300 


mV 


TYPICAL PERFORMANCE CHARACTERISTICS 


TRIGGER PULSE WIDTH vs OUTPUT CURRENT vs GATE RESISTOR 

SYNCHRONIZATION RESISTOR 



0 250 500 750 

Tp(/LiS) 

Use Test Circuit CKT 1 



AVAILABLE TRIGGER CURRENT 


AVAILABLE TRIGGER CURRENT 




•2(AV) ('T>A) 

Use Test Circuit 3 


sinnotics 


413 













TDA1024-N 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


AVAILABLE TRIGGER CURRENT 


AVAILABLE TRIGGER CURRENT 




0 5 10 15 

l2(AV) (mA) 

Use Test Circuit 3 


MINIMUM REQUIRED SUPPLY CURRENT 



•7(AV) (mA) 

Use Test Circuit 4 


DROPPING RESISTOR POWER DISSIPATION 
USING DROPPING CAPACITOR 



1000 


CD 

(nF) 


500 


0 


0 10 20 30 

l7 (mA) 


MAXIMUM SERIES RESISTANCE AS A 
FUNCTION OF REQUIRED SUPPLY CURRENT 



0 10 20 30 


'^MIN 

Use Test Circuit 5 


POWER DISSIPATION DERATING CURVE 










/j-a = 220° C/W 

k 




0 50 100 150 

TA (°C) 
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TDA1024-N 


TEST LOAD CIRCUITS 


Vs 



Use Test CKT 1. Synchronization resistor (Rs) value 
as a function of required trigger pulse width (tp) with 
applied mains voltage (Vs) as a parameter. 

Tolerance for Rs: ±5% 

Vs: ±10% 


TDA1024 



Use Test CKT 2. Gate voltage (Vq) as a function of 
trigger current (I 2 ) vvith gate resistor (Rq) load lines. 



Use Test CKT 3. With the circuit above. They show the 
maximum average trigger current l 2 (av) as a function of 
the value of Rq with the value of Rs as a parameter for 
Vs = 110V; 220V; 240V; 380V respectively. 


Vs 



Use Test CKT 4. Minimum required supply current (I 7 ) 
as a function of maximum average trigger current 
(l 2 (av)), with hysteresis setting as a parameter. 

I 3 = 0; min. hysteresis. 

V 3 = 0; max. hysteresis. 




Use Test CKT 6. Using a capacitor for mains supply 
voltage dropping. 


COMPONENT VALUES AND CIRCUIT PARAMETERS 


PARAMETER 

VALUE 

TEST 

CIRCUIT 

FIG. 1 

FIG. 2 

tp(/uS) 

Trigger pulse width 

105 

105 


Rs(ka) 

Sync, resistor 

180 

180 

1 

RG(n) 

Gate resistor 

33 

33 

2 

l2(av)(mA) 

Average gate current 

3.7 

3.7 

3 

l7(mA) 

Min. required supply current 

6.5 

6.5 

4 

Rd(ka) 

Mains dropping resistor 

10 

— 

5 

Cs(iuF) 

Smoothing capacitor 

470 

470 

5 

Cd(nF) 

Mains dropping capacitor 

— 

270 

6 

PRsd(mW) 

Power dissipated by Rsd 


190 

6 


Design data for the two previous circuits (for other circuits the same sequence of 
component value selection must be used): 

BT138 triac with: Vgt = 1.6V at 0°C Mains voltage: Vs = 220V 
Igt = 72mA at 0°C Triac load: 1200W 
lL<60mA 


smnDtics 
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TYPICAL APPLICATIONS 



NOTES 

1. Spike suppressor (VDR): 350V/1mA (2322 594 13512) 

2. R25 = 22kn 

The TDA1024 used in a 1200W thermostat covering the temperature range 5°C to 30°C 
and designed to minimize the power dissipated by mains dropping resistor Rd by using a 
rectifier diode. 


Figure 1 



NOTES 

1. Spike suppressor (VDR): 350V/1mA (2322 594 13512) 

2. R 25 = 22kn 

The TDA1024 used in a 1200W thermostat covering the temperature range 5°C to 30°C 
and designed to minimize the dissipation in the mains voltage reduction circuit by using 
capacitor Cd. 

Figure 2 


416 


sjQnotics 













TDA1060-N 


DESCRIPTION 

The TDA1060 is a monolithic integrated 
circuit intended for the control of switched 
mode power supplies. It incorporates all the 
control and protection functions likely to be 
required in switched mode power supplies 
for professional equipment. 

FEATURES 

• stabilized power supply 

• Temperature compensated voltage refer¬ 
ence 

• Sawtooth generator 

• Pulse width modulator 

• Remote ON/OFF switching 

• Current limiting 

• Low supply voltage protection 

• Loop fault protection 

• Demagnetization/over voltage protec¬ 
tion 

• Maximum duty cycle adjustment 

• External synchronization input 

• Feed forward 

FUNCTIONAL DESCRIPTION 

A. Stabilized Power Supply 

The circuit can be fed either by a current 
source (e.g. connected to the high volt¬ 
age input of the SMPS via a series resis¬ 
tor), or a voltage source (e.g. a 12Vbat- 
tery). When fed from a 12V supply the 
maximum current consumption is 10mA. 

The stabilized voltage is typically 8.4V 
and is available on pin 2 for supplying 
external circuitry. Up to 5mA can be 
drawn from this supply whereupon the 
total 1C current consumption increases 
by the same amount. This stabilized 
supply is protected against short cir¬ 
cuits. 

B. Reference Voltage Source 

The reference voltage for the SMPS is 
incorporated in the 1C. The temperature 
stabiIity of this reference is ±100ppm/° C 
maximum. 

C. Sawtooth Generator and Feed 
Forward 

The frequency of the sawtooth generator 
is set by an external resistor (pin 7) and a 
capacitor (pin 8). The frequency can be 
determined with the aid of Figure 3. It 
may be set between 50Hz and lOOKHz 
and is virtually independant of supply 
voltage. 

The upper and lower levels of the saw¬ 
tooth are fixed by an internal resistor 
divider. Since these resistors form a 
bridge configuration with the external 
voltage divider for the 6-max setting; the 
accuracy of the 6-max setting is deter¬ 


mined by resistor matching rather than 
by absolute values. 

During the flyback of the sawtooth the 
output pulse is inhibited. This acts as an 
internal duty cycle limiter. Since the 
flyback time is Vs (with InF capacity), 
the maximum duty cycle is limited to 95% 
at 50KHZ. 

The frequency of the sawtooth can be 
synchronized via the TTL-compatible 
input on pin 9. The synchronizing fre¬ 
quency must be lower than the oscillator 
free running frequency. When the input 
on pin 9 is Low the sawtooth generator is 
stopped, starting again when the input 
goes High. For free-running operation 
pin 9 is left dissconnected. 

Feed forward can be provided via pin 16 
which has the effect of varying the sup¬ 
ply voltage of the sawtooth generator 
with respect to the stabilized voltage. 
When the voltage on pin 16 increased the 
upper level of the sawtooth is also in¬ 
creased. Since neither the 6-max voltage 
level nor the feedback voltage are influ¬ 
enced by the feed forward: the duty cycle 
reduces. This isalinearfunctionandcan 
therefore compensate for supply voltage 
variations. If feed forward is not required 
pin 16 should be connected to pin 12. 

D. Feedback Amplifier 

The difference between the feedback 
voltage (pin 3) and the internal reference 
voltage is amplified in an operational 
amplifier. The output signal is compared 
with the sawtooth which has an ampli¬ 
tude of typically 4.5V (without feed for¬ 
ward). 

The gain can be controlled by a feedback 
circuit from the op. amp. output (pin 4). 
To avoid instability a capacitor should be 
connected across the op amp (i.e. be¬ 
tween pins 3 and 4). 

E. Remote ON/OFF 

Remote switching can be provided 
through the TTL-compatible input on 
pin 10. When this input is Low the circuit 
is switched off. With the input High the 
circuit switches on via the slow start 
procedure. 

F. Current Limiter 

The current limiter comprises two com¬ 
parators with trip-on levels of 480m V and 
600mV respectively. When the voltage 
on the current sense input (pin 11) ex¬ 
ceeds 480mV, the output pulse is imme¬ 
diately cut off, starting again at the next 
period. If the voltage exceeds 600mV, the 
output pulse is Inhibited during a certain 


PIN CONFIGURATION 



“dead time”, during which the slow start 
capacitor is unloaded. After this the cir¬ 
cuit starts again with slow start. 


G. Low Supply Voltage Protection 

When the supply voltage is too low (less 
than Vz + 0.2V)the circuit is automatical¬ 
ly switched off. Starting takes place 
again via the slow start as soon as the 
supply voltage exceeds this threshold 
value. 

H. Feedback Loop Fault Protection 

If the feedback loop is open, the feed¬ 
back input (pin 3) is pulled high by an 
internal current source making the duty 
cycle zero. If the feedback loop is short- 
circuited, or if the feedback voltage does 
not exceed 600mV, the 6-max pin is 
connected to the lower level of the saw¬ 
tooth by a Ikfl resistor. This causes a 
lower 6-max voltage as described in the 
maximum duty cycle and slow start sec¬ 
tion. 

I. Output 

The output circuit comprises a latch and 
an output transistor. Both collector and 
emitter of the output transistor are avail¬ 
able on pins 15 and 14 respectively. The 
collector is internally connected to the 
supply voltage of the integrated circuit 
by a clamping diode to limit the output 
voltage in the case of a fault in the exter¬ 
nal drive circuit of the switching transis¬ 
tor. 

J. Demagnetisation/Overvoltage 

The demagnetisation/overvoltage input 
(pin 13) inhibits the output when the 
voltage at this pin exceeds the trip-on 
level of 600mV. The combined function 
can be realized by a zener diode from the 
output voltage of the SMPS to this pin 
(e.g. a 5.6 zener in a5V supply) and the 
demagnetisation sensor connected also 
directly to this point. 
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TDA1060-N 


K. Maximum Duty Cycle and Slow 
Start 

The voltage on pin 6 (6-max setting) 
determines the maximum output duty 
ratio. As explained in section C the 6- 
max setting accuracy is very good since 
the voltage at this pin is divided by a 
resistive divider from the Vz voltage. 

In the event of a loop fault the 6-max pin 
is connected via an internal 1 kn resistor 
to the lower limit of the sawtooth voltage. 

Thus the 6-max value Is decreased to a 
level determined by the impedance of 
the 6-max resistive divider to the internal 
1kn. 

The capacitor connected to the 6-max pin, 
together with the impedance of the resistive 
divider, determines the time constant for the 
slow start. For remote ON/OFF or when the 
current sensing voltage exceeds 600mV, the 
value of the capacitor determines the dead 
time of the slow start procedure. 

L. Modulation Input 

Pin 5 gives an input to the pulse width 
modulator which may be used for cur- 

rent mode regulation. The duty cycle ABSOLUTE MAXIMUM RATINGS 
reduces when the voltage at this point 
decreases. 


PARAMETER 

RATING 


Min 

Max 


Vcc Supply voltage 

-0.5 

18 

V 

Ice Supply current 

0 

30 

mA 

Output current 

Voltages at the pins 
with respect to pin 12 

0 

40 

mA 

Feed forward (pin 16) 

0 

V+ 

V 

Output emitter (pin 14) 

0 

5 

V 

Output collector (pin 15) 

0 

V+ 

V 

All other Inputs 

0 

Vz 

V 

Storage temperature 

-25 

+125 

°C 

Operating temperature 

-25 

+85 1 

°C 


BLOCK DIAGRAM 


FEED 

R C SYNC FORWARD V2 E( ) V( . ) 

7 8 9 16 2 12 1 



6 MAX MOD REMOTE CURRENT DEMAG/ 

INPUT ON/OFF SENSE OVERVOLTAGE 
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TDA1060-N 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vs = 12V (VP) unless otherwise specified.1,2,3,4,5 


— 

PARAMETER 

TEST CONDITIONS 

TDA1060 

UNIT 

Min 

Typ 

Max 

ViN 


Input voltages 







Pin 1 


Current FED h =10mA 

20 

21 

23 

V 


Pin 1 


Current FED h = 30mA 

20 

25 

30 

V 

Vz 

Pin 2 



7.8 

8.4 

9.0 

V 

AVz/temp. 


Vz drift 


-1.3 


1.3 

mV/°C 


Pin 10 

Remote ON/OFF2 

Circuit ON 

2 


Vz 

V 


Pin 10 

Remote ON/OFF2 

Circuit OFF 

0 


0.8 

V 


Pin 11 

Inhibit 

Single pulse inhibit 

0.76 

0.8 

0.84 

Vi 1 (Start) 


Pin 11 

Start 

Shutdown/slow start 

470 

600 

720 

mV 


Pin 3 

Feedback loop protection 

Trip on 

470 

600 

700 

mV 


Pin 14 

Maximum emitter voltage 


5 



V 


Pin 14-15 

Saturation voltage 

Ii 5 = 40mA 



400 

mV 


Pin 13 

Over voltage inputs 

Trip on level 

470 

600 

720 

mV 


Pin 6 

6-max voltage level 

Duty cycle = 50% (15-50kHz) 

0.38VZ 

0.4Vz 

0.42VZ 

V 


Pin 9 

Synchronization input 

Sawtooth stopped 

0 


0.8 

V 


Pin 9 

Synchronization input 

Sawtooth running 

2 

' 

Vz 

V 

Vref 

Reference voltage 


3.42 

3.72 

4.03 

V 

AVref 

Temperature coefficient 


-100 


100 

ppm/°C 


of reference voltage 







Lower sawtooth level 



1.1 


V 


Upper sawtooth level 



5.6 


V 

VPT 

Supply voltage protection 

Trip-on level 

Vz+.2 


Vz+1.7 

V 

AVpt 

Supply voltage protection 


-6.5 



mV/°C 


Temperature coefficient 






l|N 

Input currents 







Pin 1 

Supply current 

Voltage FED 

5 ■ 


10 

mA 


Pin 2 

Maximum allowable external 




5 

mA 



current drain 







Pin 3 

Input current 



-40 


mA 


Pin 10 

Sink current2 

o 

II 

o 

> 



-90 

mA 


Pin 11 

Input current 

Vii = 250m V 



12 

mA 


Pin 15 

Available output current 


40 



mA 

IlN 


Input currents 







Pin 13 

Input current4 

Vi 3 = 250mV 



10 

mA 


Pin 6 

Input current 

> 

II 

CD 

> 



20 

mA 


Pin 16 

Input current 




5 

mA 


Pin 9 

Sink current 

< 

CD 

II 

o 



-90 



Pin 5 

Input current 

> 

II 

> 



-40 

mA 

R 

Sawtooth resistor value 


10 


40 

kn 

R 

Amplifier resistor value 


100 



kn 

A VOL 

Amplifier open loop gain 



60 


dB 


Internal duty cycle limiting 

Period time T^is 



(T- 1 )/t 





c = InF 



(T- 1 )/t 



6-max setting 


0 

1 




NOTES 

1 . The remote ON/OFF is not active when this pin is not connected. 

2. The synchronization is not active when this pin is not connected. 

3. The demagnetisation/overvoltage protection is active when this pin is not connected. 

4. The current limiter is active when this pin is not connected. 

5. All voltages with respect to pin 9. 
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DS8880/8880-1-F,N 


DESCRIPTION 

The DS8880 is a high voltage seven- 
segment decoder/d river designed to de¬ 
code BCD and drive gas filled seven- 
segment display tubes. 

Decoding is performed by a 16X7 read only 
memory. Thus, for applications desiring 
other fonts, or applications not using stand¬ 
ard BCD inputs, the ROM contents can be 
altered via metal mask change to produce 
any seven-segment combination for any 16 
binary input combinations. 


The output of the ROM is used to drive high 
voltage constant current sink generators. 
The current sinks of the DS8880 will with¬ 
stand 80V output min. while those of 
DS8880-1 will withstand 100V. The current 
sinks are ratioed to the B output current as 
required for even illumination of the seg¬ 
ments. Output currents may be varied over a 
0.2 to 1.5mA range through use of the exter¬ 
nal current programming input. 

Blanking input provides unconditional 
blanking of any output display, while the 
ripple blanking pins allow simple leading or 
trailing zero blanking. 


PIN CONFIGURATION 


F,N PACKAGE 

B Input [T 


Vqq 

C Input [T 


^ f Output 

Program [T 


TTj g Output 

BI/RBO [T 


tT] a Output 

RBI |T 


I2] b Output 

DInput [T 


TTI c Output 

A Input [T 


Tol d Output 

GND [T 


Tl e Output 


FEATURES 

• Current source outputs 

• Adjustable output current~0.2 to 1.5mA 

• High output breakdown voltage—110V 
TYP 

• Suitable for multiplex operation 

• Blanking and ripple blanking provisions 

• Low fan-in and low power 


'llh 

e/_/c 

d 


LOGIC AND CONNECTION DIAGRAMS 



DECIMAL 

OR 

FUNCTION 

RBI 

1 



D 



■ 


■ 


R 



0 

1 

0 

0 


0 

1 


0 

0 

0 

0 

0 

1 

0 

1 

X 

0 

0 


1 

1 


0 

0 

1 

1 

1 

1 

1 

2 

X 

0 

0 


0 

1 


0 

1 

0 

0 

1 

0 

-f' 

3 

X 

0 

0 


1 

1 


0 

0 

0 

1 

1 

0 

5/ 

4 

X 

0 

1 


0 

1 


0 

0 

1 

1 

0 

0 


5 

X 

0 

1 

0 

1 

1 


1 

0 

0 

1 

0 

0 

s 

6 

X 

0 

1 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

s 

7 

X 

0 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 


8 

X 

1 , 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

lEi 

9 

X 

1 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

0 

S' 

10 

X 

1 

0 

1 

0 

1 

0 

0 

0 

1 

0 

0 

0 

hi 

11 

X 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 


0 


12 

X 

1 

1 

0 

0 

1 

0 

1 

1 

0 

0 


1 

L 

13 

X 

1 

1 

0 

1 

1 

1 

0 1 

0 

0 

0 


0 

cl 

14 

X 

1 

1 

1 

0 

1 

0 

1 

1 

0 

0 


0 


15 

X 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

0 



Bl 

X 

X 

X 

X 

X 

0 

1 

1 

1 

1 

1 

1 



RBI 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 j 

1 

1 

im 
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DS8880/8880-1-F,N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc 

7 

V 

Input voltage 



Except B1 

6 

V 

B1 

Vcc 


Segment output voltage 



DS8880 

80 

V 

DS8880-1 

100 

V 

Power dissipation* 

600 

mW 

Operating temperature range 

0 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature 

300 

°C 

(soldering, 10 sec) 




DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 5V unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

DS8880/8880-1 


Min 

Typ 

Max 

Logic “1” input voltage 

Vcc = 4.75V 

2.0 



n 

Logic “0” input voltage 

Vcc = 4.75V 



0-8 


Logic “1” output voltage (RBO) 

Vcc = 4.75V, louT = -200 mA 

wgm 



V 

Logic “0” output voltage (RBO) 

Vcc = 4.75V, loUT = 8mA 




V 

Logic “1” input current (except Bl) 

Vcc = 5.25V, ViN = 2.4V 


2 

15 

mA 


Vcc = 5.25V, ViN = 5.5V 


4 

400 

mA 

Logic “0” input current (except Bl) 

Vcc = 5.25V, ViN = 0.4 


-300 

-600 

aA 

Logic “0” input current (Bl) 

Vcc = 5.25V, ViN + 0.4V 


-1.2 

-2.0 

mA 

Power supply current 

Vcc = 5.25V, all inputs = OV, Rp = 2.2k 


27 

43 

mA 

Input diode clamp voltage 

Vcc = 5V, liN = -12mA 



-1.5 

V 

Segment outputs: 






Outputs a, f, g on current ratio 

All outputs = 50V, output b curr. = ref. 

0.84 

0.93 

1.02 

mA 

Output c on current ratio 

All outputs = 50V, output b curr. = ref. 

1.12 

1.25 

1.38 

mA 

Output d on current ratio 

All outputs = 50V, output b curr. = ref. 

0.90 

1.00 

1.10 

mA 

Output e on current ratio 

All outputs = 50V, output b curr. = ref. 

0.99 

1.10 

1.21 

mA 

Output b on current 

Vcc = 5V, VouT b = 50V, 

0.15 

0.20 

0.25 

mA 


Rp = 18.1k 






Vcc = 5V, VouT b = 50V, 

0.45 

0.50 

0.55 

mA 


Rp = 7.03k 






Vcc = 5V, VouT b = 50V, 

0.90 

1.00 

1.10 

mA 


Rp = 3.40k 






Vcc = 5V, VouT b = 50V, 

1.35 

1.50 

1.65 

mA 


Rp = 2.20k 





Output saturation voltage 

Vcc = 4.75V, louT = 2mA, 


0.8 

2.5 

V 


Rp = Ik ±5% 



. -.J 


Output leakage current: 


i 




DS8880 

VoUT = 75V, Bl = OV 

1 

.003 

3 

mA 

DS8880-1 

VouT = 95V, Bl = OV 


.005 

3 

mA 

Output breakdown voltage: 






DS8880 

loUT = 250/xA, Bl = OV 

80 

110 


V 

DS8880-1 


100 

110 


V 

Propagation delays: 






BCD input to segment output 

Vcc = 5V 


0.4 

10 

MS 

Bl to segment output 

Vcc = 5V 


0.4 

10 

MS 

RBI to segment output 

Vcc = 5V 


0.7 

10 

MS 

RBI to RBO 

Vcc = 5V 


0.4 

10 

MS 


‘NOTE 

Min/max limits apply across the guaranteed operating temperature range of 0°C to 
70°C unless otherwise specified. Positive current is defined as current into the 
referenced pin. 
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b OUTPUT CURRENT (mA) 


DS8880/8880-1-F,N 


TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT CURRENT 
PROGRAMMING 


ON CURRENTS vs 
TEMPERATURE 


Vcc = 5V 
VOUT = 50V 
Ta = 25“ C 
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NE580-F,N 


PRELIMINARY SPECIFICATION 

Contact factory for product status. 

DESCRIPTION 

The NE580 is a dual bar-graph logic circuit 
designed to provide all the functions neces¬ 
sary to drive a gas discharge self-scan @ 
bar-graph panel. The NE580 is configured 
to drive a 201 element bar-graph in either 5 
or 6 phase operation. Phase number selec¬ 
tion is obtained by applying a logic 0 or 1 
level to the phase select pin. 3 phase opera¬ 
tion fora 101 element device can beattained 
by a wire-or connection of adjacent cathode 
phase outputs. 

The device inputs accept an analog voltage 
in the range 0 to 2.5V and performs an A/D 
conversion with reference to a fixed input 
voltage at the reference terminal. On-chip 
functions include a clock generator, linear 
ramp generator, control logic and ROM 
decoding. Output functions comprise 2 
anode control lines, 2 overrange indication 
outputs, 6 cathode phase outputs and 1 
cathode reset output. Refer to the system 
block diagram for clarification. 

A minimum of external components are 
required for the whole conversion and dis¬ 
play system shown in the typical appli¬ 
cation. The NE580 can be expanded to 
handle more analog channels using ex¬ 
ternal comparators. Either LM393A or 
LM339A type comparators will function 
well. A few external low-cost logic packages 
can in addition provide binary or BCD 
encoded data to interface with a logic 
control system. 

The device is supplied in a 22-pin plastic 
molded or ceramic dual-in-line package. 

©-self-scan is a trademark of Burroughs Corporation. 


FEATURES 

• Dual channel device 

• Easily expandable to handle more chan¬ 
nels. 

• Single 5 volt supply 

• 3, 5 or 6 phase operation 

• Can be custom masked for different cath¬ 
ode segment counts, (maximum 240) 

• Equivalent 8-bit resolution of displayed 
information. 

• Overrange indication outputs. 


PIN CONFIGURATION 



F,N PACKAGE 

PHASE 2 

[I 


22] PHASE 3 

PHASE 1 

[I 


TTI PHASE 4 

5/6 SEL. 

[I 


20l PHASE 5 

TIMING CAP. [T 


I9] PHASE 6 

Vcc 

K 


Tb] DIG. GND 

S + H CAP. 

H 


Tt] reset 

''ref 

m 


"iil OUTPUT A 

S+H CAP. 

CE 


"iil OUTPUT B 

RAMP CAP. 

CE 


IT] OVER-RANGE A 

INPUT A 

i« 


Tal OVER-RANGE B 

INPUTB 

[a 


IF] ANA. GND 


ORDERING INFORMATION 


Plastic DIL package— 

NE580N 


Cerdip package—NE580F 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage, Vcc 

+7 

V 

Output voltage (all outputs) 

+Vcc 

V 

Analog input voltage range 

-0.3 to +7 

V 

Reference voltage input 

+Vcc 

V 

Phase select Input 

+5.5 

V 

Analog/digital ground voltage 

±0.3 

V 

differential 



Power dissipation 



plastic 

500 

mW 

cerdip* 

800 

mW 

Operating temperature range 

0 to +70 

°C 

Storage temperature range 

-65 to+150 

°C 

Soldering temperature 

300 

°C 

(lOsec) 




•NOTE 

The plastic 22 pin package has a thermal impedance Sja of 120°C/W and the cerdip 
package, 0ja of 75°C/W. Provided the maximum junction temperature is kept below 
150°C then more power may be dissipated to a maximum of 1 watt. 
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NE580-F,N 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 5V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 


Operating supply voltage 







range 


4.75 

5.0 

5.25 

V 

ViN 

Input voltage range 


0 


2.5 

V 

Vref 

Applied reference voltagei 


0 


2.5 

V 

Ibref 

Bias current at 







reference voltage input 

Vref = 2.5V 


500 


nA 

l|B 

Bias current at 

Vref = 2.5V 


500 


nA 


analog input 

< 

z 

II 

o 

< 





VOUT (1) 

All outputs2 

loUT = -500juA 


3.5 


V 

lOUT (1) 

All outputs2 

VoUT= 1.5V 


-1.0 


mA 

lOUT (sc) 

All outputs2 

VoUT = Ov 


-1.5 


mA 

VoUT (0) 

All outputs 

IsiNK = 1.6mA 



0.4 

V 

Fc 

Clock generator 

Timing capacitor 


25 


KHz 


frequency 

= .022/uF 





Accuracy 


2V < Vref < 2.5V 


±1 


bar 



ViN = Vref 





Icc 

Supply current 



50 


mA 


NOTES 

1 . Displayed accuracy is a function of reference voltage. Val ues of Vref below 2 volts will 
impair conversion accuracy. 

2. All logic outputs comprise an NPN transistor with 3kn pull-up resistor to 5 volts. 

BLOCK DIAGRAM 
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NE580-F,N 


TIMING DIAGRAM 


Vref 



l/PB 

1/PA 



0/PA 
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TYPICAL APPLICATION 
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NE580-F,N 


BAR-GRAPH SYSTEM 
OPERATION 

The bar-graph display is a thick-film planar, 
gas discharge device. The principal of oper¬ 
ation is called self-scan®, in which a neon 
glow-discharge is propagated from one 
cathode spot to another under one anode. 
The bar-graph device appears as a series of 
cathode bars arranged in a column. A glow 
discharge is continually propagated along 
the column from a keep-alive cathode at one 
end. Provided the scan rate for a whole 
column is above the eye flicker detection 
rate, then the glow appears as a continuous 
column of light. 

BAR-GRAPH SIGNAL 
REQUIREMENTS 

The NE580 comprises most of the electron ic 
components necessary to interface an ana¬ 
log voltage level to the bar-graph display. 
Each column of the display requires an 
anode control signal and each cathode 
(usually from 4 to 7 in number) requires an 
interlaced logic signal of 1/N duty cycle 
(where N is the number of cathode phases). 
The pulse width of each cathode signal is of 
the order of 50 to lOO^iS. The cathode sig¬ 
nals clock continuously throughout the 
frame period. The anode signal Is on only 
for a proportion of time corresponding to 
the input voltage. 

Thus 


for a 200 element device, where Tan is the 
number of cathode clock cycles for which 


the anode is on. Figure 2 illustrates the 
relative output phasing of the linear ramp 
cathode and anode lines for 5 phase opera¬ 
tion. 

CIRCUIT OPERATION 

The NE580 provides the circuitry to gener¬ 
ate all these signals to the point where they 
drive the high voltage display elements. An 
on-chip clock generator drives the master 
counter and cathode phase generator. 

The clock also gates a constant current 
source which charges the ramp capacitor 
with a staircase waveform of equal incre¬ 
ment steps. These steps correspond to the 
cathode segments. There are two steps per 
segment so that the comparison of input 
voltage with respect to the ramp is made at 
the mid-point of each segment. The master 
counter inhibits the current source and 
discharges the ramp after 200 cathode 
counts. At the 200th count, the ramp voltage 
is strobed Into a sample-and-hold amplifier. 
This voltage is compared with the reference 
voltage and a signal fed back to the ramp 
constant current source. Hence, the maxi¬ 
mum value of the ramp will be adjusted to 
the same level as the reference voltage. 

The anode output goes low at the beginning 
of each frame and goes high again when the 
ramp voltage becomes greater than the 
input voltage. If the ramp reaches full scale 
before setting the anode output high, then 
the over-range output goes low and stays 
low until the end of the next frame if the 
Input signal recovers to an in-range value. A 
continuing over-range signal will cause the 
output to go low indefinitely. 


Because the ramp is the result of accumu¬ 
lated charge on the integrating capacitor, it 
is inherently monotonic; thus, each step is 
greater than the previous one by the expres¬ 
sion 



Errors in the ramp can occur due to 

1) Starting the ramp from a voltage other 
than zero. Some capacitors have a time 
related polarization. 

2) Sag in the sampled and hold ramp volt¬ 
age causing an inconstant charging cur¬ 
rent. 

3) Offset errors in the sample and hold am¬ 
plifier. 

4) Leakage currents into or out of the ramp 
capacitor. 

The zero starting point is achieved by using 
a very low offset transistor to fully discharge 
the ramp capacitor to within 1-5mV of 
ground. The maximum voltage end of the 
ramp is made stable by using a large value 
capacitor to overcome the effects of any 
leakage. 

The classical histogram has cells which 
represent a nominal value plus/minus 1/2 
cell width. The NE580 works in the same 
way. This is realized by having a clock rate 
which is twice the cathode switching rate, 
and so the staircase ramp has two steps per 
cathode dwell time. Each comparison step 
Is made at the nominal cell value plus 1/2 
cell, and the anode remains on (anode out¬ 
put low) as long as the ramp voltage is less 
than the input voltage. 
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NE582-N 


DESCRtPTION PIN CONFIGURATION 

The NE582 is a general interface device 
comprising a high current output transistor 
and drive circuitry in each of 6 elements. 

Each output transistor is individually capa¬ 
ble of sinking 400mA with a typical satura¬ 
tion voltage of 0.5V. Input loading is such 
that direct interfacing with P-MOS, N-MOS, 

C-MOS or TTL is possible. 

The NE582 has applications as a LED dis¬ 
play driver, low voltage relay/lamp drivers 
and many others where high current capa¬ 
bility without speed constraints is required. 

The NE582 is supplied in a 16-pln high 
dissipation dual-in-line plastic package. 

FEATURES 

• Low saturation voltage (typically 0.5V} 
for minimum power dissipation 

• High output sink current capability— 

400mA 

• Low input current loading for MOS com¬ 
patibility 

• Low standby power consumption 

• Suitable for 3 volt battery operation 

• Inputs/outputs are compatible with 
75494 

ABSOLUTE MAXIMUM RATINGS EQUIVALENT SCHEMATIC 


NOTES 

1. The inputs are the only pins which may be negative with respect to ground. 

2. Voltage values are with respect to ground. 

3. Above 25®C, derate power dissipation at 6.25mW/“C. 


Vr Vqut 



PARAMETER 

RATING 

UNIT 

Input voltage rangei 

-12 to Vss 

V 

Output voltages 

10 

V 

Output to input voltage differential 

10 

V 

Voltage at Vss (pin 1) 

10 

V 

Output current-each output 

400 

mA 

Output current—all outputs 

800 

mA 

Continuous total power dissipation 

800 

mW 

at or below 25® C3 



Current in Vr (pin 9 or 16) 

25 

mA 

Operating free-air temperature range 

0 to +70 

®C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature 1/16 inch from 

260 

°c 

case for lOsec 




N PACKAGE 


Vss Q] 

PUT1 

PUT 1 ■ 

PUT 2 

PUT 2 [T* ■ 
PUTS 

PUTS 

OUND 




~i7] N 
"iT] I 




“h] < 

jH < 




"tT] inpu 

Trj OUT 
~m] iNPL 

Z] ''R 
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NE582-N 


ELECTRICAL CHARACTERISTICS Ta = 0°C to 70°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

VOL 

Low level output voltage 

V|N Ir Iol 

V mA mA 







3 2 20 


.025 

.060 

V 



6.5 12 250 


.320 

.450 

V 



6.5 20 400 


.500 

.750 

V 



Rin = IK 







(Series input resistance) 





lOH 

High level output current 

VoH = 10V, l|N = 40|iA 



400 

/uA 



VoH = 10V, ViN = 0.5V 



400 

mA 

IlN 

Input current at maximum 

Input voltage 

ViN = 10V, Iol = 20mA, Ir = 2mA 


2.2 

3.3 

mA 

Vr 


ViN = 6.5V, Ir = 6mA, loL = 80mA 


.9 

1.5 

V 

Iss 

Current into pin 1 

Vss-IOV 

_1 



100 

mA 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Switching characteristics 

Tplh Propagation delay, low to high 

level input 

Rr = 680 n 

Rl = 390 

Cl= 15pF 


300 


ns 

Tphl Propagation delay, highi 

to low level input 

ViH = 7.5V 

ViL = ov 
tr = tf < 10ns 
tw = IjuS 

PRR = 100kHz 


30 


ns 


TYPICAL APPLICATION FOR DIGIT DRIVING 


1/6 NE582 AS A 

OF AN LED DISPLAY 


RELAY DRIVER 
















OUTPUT VOLTAGE (mV) 


NE582-N 


PRELIMINARY SPECIFICATION 


OUTPUT SATURATION VOLTAGE AS A FUNCTION 
OF OUTPUT LOAD CURRENT, 
lR = 25mA 
V|n = 6.5 volts 



0 200 400 

OUTPUT LOAD CURRENT (mA) 


INPUT CURRENT AS A FUNCTION 
OF INPUT VOLTAGE, 

IR = 25mA, V ss = 10V, TA = 25°C 



-12 -8-4 0 4 8 10 

INPUT VOLTAGE (mV) 


CHIP LAYOUT 

















































NE584-F,N 


DESCRIPTION 

The NE584 is a Cathode Driver for multi¬ 
plexed, 7-segment gas discharge displays. 

The display segments are driven by floating 
current sources maintaining uniform 
brightness across the display panel with a 
minimum of system components as shown 
in the Display Drivers illustration. A current 
feedback circuit is included to adjust the 
anode voltage steady under optimum load 
conditions. The maximum voltage ripple is 
typically held to less than 1V. 


FEATURES 

• Capable of driving up to 9 segments 

• 1 external resistor provides for current 
programming 

• Minimum component count for system 
cost effectiveness 

• Segment current programmability for 
optimum operation of all character sizes 

• Internal current limiting protection 

• Internal feedback network ensures opti¬ 
mum operating conditions 

• High system reliability 

• Compatible with MOS and TTL inputs 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 


Supply voltage 


V 

Vb- 

Negative 

-110 


Vcc 

Logic 

+15 


V|N 

Input voltage 

+15 

V 

Ip 

Program current 

1 

mA 

Tj 

Junction temperature 

150 

°C 

Ta 

Ambient operating temperature range 

Oto 70 

°C 

TS 

Storage temperature range 

-65 to 150 

°C 

"’"sold 

Soldering temperature (10sec) 

300 

°C 

pd 

Power dissipation at 25° C 


mW 


Plastic DIP—22 and 24 pin 

1000 



Cerdip—22 and 24 pin 

1200 



DISPLAY DRIVERS 



PIN CONFIGURATION 
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DC ELECTRICAL CHARACTERISTICS Vg. = -ioov, v^c = 5 to 15V 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Vg_ Supply voltage 

Operating voltage range 

-90 

-100 

-110 

V 

Input voltage 

V|H High 

ViL Low 

For TTL type inputs 

2.6 


1.1 

V 

1 1 Input current 

V,n = 2.6V 

V|N = 6 V 

V,n = 15V 

115 

340 

60 

230 

680 

200 

460 

1360 

ma 

l|H High 

1 1 [_ Low 

For MOS type inputs 

90 


5 

Current ratio between 
any 2 outputs 

Ta = 25°C, I p = 200 or e00^A 

.9 

1 

1.1 

mA 

Output current to program 
current ratio 

1 p = 200 or GOOjjlA 

Ta = 25°C 

Ta =0-70°C 

4.5 

4 

5 

5 

5.5 

6 

mA 

VoUT Output voltage 

On 

1P = 1 0OfjA, 1 Seg = 450juA 

Ip = lOOjuA, 1 Seg = 

1 p = eoOjuA, 1 Seg = 2.7mA 

1 p = 600/LtA, 1 Seg = 1/iA 


5 

1 

14 

3 


V 

Off 

On breakdown 

Off breakdown 

With respect to V b- 
I p = 400/uA, I Seg = 3mA 

I Seg = 10 /l(A 

90 

Vb. + 40 
Vg_ + 55 


Output leakage current 

Off 

•out = Vb- +90V 



10 

ma 

If Feedback current 

Ip = 200(jlA, V|n ^ 3.5V, I Seg = 0 

1 segment on 

8 segments on 

140 

1.1 

200 

1.6 

260 

2.1 

mA 

mA 

Propagation delay 

Power supply current 

I CO Logic 

IB- Negative 

Gout = ispF 

All inputs low, Vp 0 = 15V, 

Ip = lOOjLtA, Vqc = 15V 


5 

1 

3 

2 

mA 

Pull up option current 

Vcc = 5V. Pin 24 or 22 = OV 


0.6 


mA 


EQUIVALENT SCHEMATIC 


REPEATED 8 OR 9 TIMES 
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NE585-F,N 


DESCRIPTION 

The NE585 is an Anode Driver for multi¬ 
plexed, 7-segment gas discharge displays. 

The display segments are driven by floating 
current sources maintaining uniform 
brightness across the display panel with a 
minimum of system components as shown 
in the Display Drivers illustration. A current 
feedback circuit is included to adjust the 
anode voltage steady optimum load condi¬ 
tions. The maximum voltage ripple is typi¬ 
cally held to less than IV. 


FEATURES 

• Capable of driving up to 9 digits 

• Minimum component count for system 
cost effectiveness 

• Segment current programmability for 
optimum operation of all character sizes 

• Internal current limiting protection 

• Internal feedback network ensures opti¬ 
mum operating conditions 

• High system reliability 

• Compatible with MOS and TTL inputs 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vb+ 

Positive supply voltage 

+110 

V 

Va 

Anode bus voltage^ 

90 or VB+ 

V 

V|N 

Input voltage 

+15 

V 

Tj 

Junction temperature 

150 

°c 

Ta 

Ambient operating temperature range 

0 to 70 

°c 

Ts 

Storage temperature range 

-65 to 150 

°c 

^sold 

Soldering temperature (lOsecs) 

300 

°c 

Pd 

Power dissipation at 25°C 


mW 


Plastic DIP—16 pin 

800 



Plastic DIP—22 pin 

1000 



Cerdip—16 pin 

1000 



Cerdip—22 pin 

1200 



NOTE 


Whichever is the lesser of these values is the maximum allowable anode bus voltage 


DISPLAY DRIVERS 



PIN CONFIGURATION 



N,F PACKAGE 



Order part no. NE585-6 


smnDtics 
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NE585-F,N 


DC ELECTRICAL CHARACTERISTICS v B+ = 100V, Va = 60V unless otherwise specified 


PARAMETER 


Positive supply voltage 
Input voltage 
High 
Low 

Input current 


Feedback current gain 

(= I A/If) 

VouT Output voltage 

On 
Off 

Breakdown 

Available output current 
Leakage current 
Output 
Input 

Propagation delay 
IR+ Power supply current 


TEST CONDITIONS 

Operating voltage range 
For TTL type inputs 


Vin = 2.6V 
V|N = 6V 
V|N = 15V 

For MOS type inputs 

I p pulse width < 500/iS, Duty cycle < 20% 
Ip = 2mA 
I p = 200iuA 

I m IT “ -10mA 


V0+ = 100V, Va = 90V, I OUT = -^OOijlA 
Vo = V^-SV, V|n = 3.5V 

Va-VoUT = 50V 

_ V|N = 0 _ 

Gout " 

1 input high. All others open 


LIMITS 

Typ 

100 


EQUIVALENT SCHEMATIC 

I- 

3^x33 

REPEATED 6 OR 9 TIMES 

<!> 

FEEDBACK 

n 

■ I 
i 

I 2 

1 

— 1C 

s 










fscnon II 

D/A-A/D COAVERTEAI 


sjgnDtiES 


437 



438 


signotics 



MC1508-8/MC1408-8/MC1408-7 -F,N 


DESCRIPTION 

The MC1508/MC1408 series of 8-bit mono¬ 
lithic digital-to-analog converters provide 
high speed performance with low cost. They 
are designed for use where the output cur¬ 
rent is a linear product of an 8-bit digital 
word and an analog reference voltage. 

FEATURES 

• Fast settling time—300ns (typ) 

• Relative accuracy ±0.19% (max error) 

• Non-inverting digital inputs are TTL and 
CMOS compatible 

• High speed multiplying rate 4.0mA//iS 
(input siew) 

• Output voltage swing +.5V to -5.0V 

• Standard supply voltages + 5.0V and 
-5.0V to -15V 

• Military qualifications pending 

APPLICATIONS 

• Tracking A-to-D converters 

• 2y2-digit panel meters and DVM’s 

• Waveform synthesis 

• Sample and hold 

• Peak detector 

• Programmable gain and attenuation 

• CRT character generation 

• Audio digitizing and decoding 

• Programmable power supplies 

• Analog-digital multiplication 

• Digital-digital multiplication 

• Analog-digital division 

• Digital addition and subtraction 

• Speech compression and expansion 

• Stepping motor drive 

TYPICAL PERFORMANCE 
CHARACTERISTICS 


D-to-A TRANSFER CHARACTERISTICS 



CIRCUIT DESCRIPTION 

The MCI 508/MCI 408 consists of a refer¬ 
ence current amplifier, and R-2R ladder, 
and 8 high speed current switches. For 
many applications, only a reference resistor 
and reference voltage need be added. 

The switches are non-inverting in opera¬ 
tion; therefore, a high state on the input 
turns on the specified output current com¬ 
ponent. 

The switch uses current steering for high 
speed, and a termination amplifier consist¬ 
ing of an active load gain stage with unity 
gain feedback. The termination amplifier 
holds the parasitic capacitance of the ladder 
at a constant voltage during switching, and 
provides a low impedance termination of 
equal voltage for all legs of the ladder. 

The R-2R ladder divides the reference am¬ 
plifier current into binarily-related compo¬ 
nents, which are fed to the switches. Note 
that there is always a remainder current 
which is equal to the least significant bit. 
This current is shunted to ground, and the 
maximum output current Is 255/256 of the 
reference amplifier current, or 1.992mA for 
a 2.0mA reference amplifier current if the 
NPN current source pair is perfectly 
matched. 


ABSOLUTE MAXIMUM RATNGS 


PIN CONFIGURATION 


F,N PACKAGE* 

RANGE pj- 

CONTROL LL 


~iF| COMPEN 

GND [T 


Ts] VREF (-) 

Vee [T 


'iTj Vref (+) 

'o[Z 


m Vcc 

(MSB) A, [5] 


IT] Ae (LSB) 

A. [F 


TT] Aj 

A.1Z 


Tol Ae 

A 4 [T 


T] As 

*N = Plastic DIP 

F = Cerdip 



BLOCK DIAGRAM 



Ta = +25° C unless otherwise specified 


PARAMETER 

RATING 

UNIT 

Vcc 

Power supply voltage 


V 

Vee 

Positive 

±5.5 


V5-V12 

Negative 

-16.5 


Vo 

Digital input voltage 

+5.5, 0 

V 

Il4 

Applied output voltage 

+0.5, -5.2 

V 

V14.V15 

Reference current 

5.0 

mA 


Reference amplifier Inputs 

Vcc, Vee 

V 

Pd 

Power dissipation (package limitation) 


mW 


Ceramic package 

1000 



Plastic package 

800 


Ta 

Operating temperature range 


°C 


MCI 508 

-55 to +125 



MCI 408 

0 to +75 


Tstg 

Storage temperature range 

-65 to +70 

°C 


(00000000) INPUT DIGITAL WORD (11111111) 
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MC1508-8/MCI 408-8/MC1408-7 -F,N 


DC ELECTRICAL CHARACTERISTICS1 Vcc - +5 OVdc Vee = -l5Vdc, = 2 0mA 


unless otherwise specified. 

MC1508; TA = -55°Cto 125°C. MC1408: TA = 0°Cto70°C 




TEST 

MC1508-8 

MC1408-8 

MC1408-7 














UNIT 

rMnMivic: i cn 













CONDITIONS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Er 

Relative accuracy 

Error relative 
to full scale 
lo, Figure 3 



±0.19 



±0.19 



±0.39 

% 

, 

ts 

Setting timei 

To within V 2 LSB, 
includes t’PLH, 
rA = +25°C, 
Figure 4 


300 



300 



300 


ns 




Propagation delay 
time 











ns 

tPLH 

Low-to-high 

Ta = +25° C, 


30 

100 


30 

100 



100 


tPHL 

High-to-low 

Figure 4 




30 


TCIo 

Output full scale 
current drift 



-20 



-20 



-20 


PPM/°C 


Digital input 
logic level (MSB) 



-- 








Vdc 

ViH 

High 

Figure 5 

2.0 



2.0 



2.0 




ViL 

Low 




0.8 



0.8 



0.8 



Digital input 
current (MSB) 

Figure 5 










mA 

‘ • 

IlH 

High 

ViH = 5.0V 


0 

0.04 


0 

0.04 


0 

0.04 


IlL 

Low 

ViL = 0.8V 


-0.4 

-0.8 


-0.4 

-0.8 


-0.4 

-0.8 

■ 

Il5 

Reference input 
bias current 

Pin 15, Figure 5 


-1.0 

-3.0 


-1.0 

-3.0 


-1.0 

-3.0 

mA 

lOR 

Output current 

Figure 5 










mA 


range 

Vee = -5.0V 

0 

2.0 

2.1 

0 

2.0 

2.1 

0 

2.0 

2.1 




Vee = -6.0V to 

0 

2.0 

4.2 

0 

2.0 

4.2 

0 

2.0 

4.2 




-15V 











lo 

Output current 

Figure 5 

Vref = 2.000V, 

R14 = looon 

1.9 

1.99 

2.1 

1.9 

1.99 

2.1 

1.9 

1.99 

2.1 

mA 

lO(min) 

Off-state 

All bits low 


0 

4.0 


0 

4.0 


0 

; 4.0 

mA 

Vo 

Output voltage 

Er<0.19% at 









■ 

Vdc 


compliance 

Ta = +25°C, 
Figure 5 

Vee = -5V 



-0.6, +0.5 



-0.6, +0.5 



-0.6, +0.5 




Vee below -10V 



-5.0, +0.5 



-5.0, +0.5 



-5.0. +0.5 























{■■I 



/uA/V 


power supply 
sensitivity 

mm 

■ 


m 

■ 



■ 


m 








■ 



■ 




Icc 

Positive 

All bits low, 


+13.5 

+22 





+13.5 

+22 


lEE 

Negative 

Figure 5 


-7.5 

-13 

mM 



mil 

-7.5 

-13 



Power supply 
voltage range 





M 



H 



Vdc 

VcCR 

Positive 

Ta = +25°C, 

+4.5 










Veer 

Negative 

Figure 5 

-4.5 



mm 







Pd 

Power dissipation 

All bits low, 

Figure 5 

Vee = -5.0Vdc 


105 

170 


105 

170 


105 

170 

mW 



VEE = -15Vdc 


190 

305 


190 

305 


190 

305 




All bits high. 
Figure 5 

Vee = -5.0Vdc 


90 



90 



90 





VEE = -15Vdc 


160 



160 



160 




NOTES 


1. All bits switched 
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EQUIVALENT CIRCUIT SCHEMATIC 


M C1508-8/M C1408-8/M C1408-7 - F, N 



FUNCTIONAL DESCRIPTION 

Reference Amplifier Drive 
and Compensation 

The reference amplifier provides a voltage 
at pin 14 for converting the reference volt¬ 
age to a current, and a turn-around circuit or 
current mirror for feeding the ladder. The 
reference amplifier input current (I 14 ) must 
always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference volt¬ 
age are shown in Figure 1. The reference 
voltage source supplies the full current lu. 
For bipolar reference signals, as in the mul¬ 
tiplying mode, Ri 5 can be tied to a negative 
voltage corresponding to the minimum in¬ 
put level. It is possible to eliminate R 15 with 


only a small sacrifice in accuracy and 
temperature drift. 

The compensation capacitor value must be 
increased with increases in R 14 to maintain 
proper phase margin; for R 14 values of 1.0, 
2.5 and 5.0kn, minimum capacitor values 
are 15, 37, and 75pF. The capacitor may be 
tied to either Vee or ground, but using Vee 
increases negative supply rejection. 

A negative reference voltage may be used if 
Ri 4 is grounded and the reference voltage is 
applied to R 15 as shown in Figure 2. A high 
input impedance is the main advantage of 
this method. Compensation involves a ca¬ 
pacitor to Vee on pin 16, using the values of 
the previous paragraph: The negative refer¬ 
ence voltage must be at least 3.0V above the 
Vee supply. Bipolar input signals may be 


handled by connecting R 14 to a positive 
reference voltage equal to the peak positive 
input level at pin 15. 

When a dc reference voltage is used, capac¬ 
itive bypass to ground is recommended. 
The 5.0V logic supply is not recommended 
as a reference voltage. If a well regulated 
5.0V supply which drives logic is to be used 
as the reference, R 14 should be decoupled 
by connecting it to +5.0V through another 
resistor and bypassing the junction of the 2 
resistors with 0.1 ;uF to ground. For refer¬ 
ence voltages greater than 5.0V, a clamp 
diode is recommended between pin 14 and 
ground. 

If pin 14 is driven by a high inpedance such 
as a transistor current source, none of the 
above compensation methods apply and 


smnDtics 
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MCI 508-8/MCI 408-8/MCI 408-7 -F,N 


the amplifier must be heavily compensated, 
decreasing the overall bandwidth. 

Output Voltage Range 

The voltage on pin 4 is restricted to a range 
of -0.6 to +0.5V at -24° C, due to the current 
switching methods employed in the 
MC1508/MC1408. When a current switch is 
turned off, the positive voltage on the output 
terminal can turn on the output diode and 
increase the output current level. When a 
current switch is turned on, the negative 
output voltage range is restricted. The base 
of the termination circuit Darlington transis¬ 
tor is 1 diode voltage below ground when 
pin 1 is grounded, so a negative voltage 
below ground when pin 1 is grounded, so a 
negative voltage below the specified safe 
level will drive the low current device of the 
Darlington into saturation, decreasing the 
output current level. 

The negative output voltage compliance of 
the MC1508/MCI408 may be extended to 
-5.0\/ by opening the circuit at pin 1. The 
negative supply voltage must be more neg¬ 
ative than -10V. Using a full scalecurrent of 
1.992mA and load resistor of 2.5kn be¬ 
tween pin 4 and ground will yield a voltage 
output of 256 levels between 0 and -4.980V. 
Floating pin 1 does not affect the converter 
speed or power dissipation. However, the 
value of the load resistor determines the 
switching time due to increased voltage 
swing. Values of Rl up to 500n do not 
significantly affect performance, but 2.5kn 
load increases worst case settling time to 
1.2)us (when all bits are switched on). Refer 
to the subsequent text section on settling 
time for more details on output loading. 

If a power supply value between -5.0V and 
-10V is desired, a voltage of between 0 and 
-5.0V may be applied to pin 1. The value of 
this voltage will be the maximum allowable 
negative output swing. 

Output Current Range 

The output current maximum rating of 
4.2mA may be used only for negative supply 
voltages more negative than -7.0V, due to 
the increased voltage drop across the 3500 
resistors in the reference current amplifier. 

Accuracy 

Absolute accuracy is the measure of each 
output current level with respect to its in¬ 
tended value, and is dependent upon rela¬ 
tive accuracy and full scale current drift. 
Relative accuracy is the measure of each 
output current level as a fraction of the full 
scale current. The relative accuracy of the 
MCI 508/MCI 408 is essentially constant 
with temperature due to the excellent 
temperature tracking of the monolithic re¬ 
sistor ladder. The reference current may 
drift with temperature, causing a change in 


the absolute accuracy of output current. 
However, the MCI 508/MCI 408 has a very 
low full scale current drift with temperature. 

The MCI 508/±MC1408 series is guaranteed 
accurate to within ± 1/2 LSB at +25° C at a full 
scale output current of 1.992mA. This corre¬ 
sponds to a reference amplifier output cur¬ 
rent drive to the ladder network of 2.0mA, 
with the loss of 1 LSB = O.O^A which is the 
ladder remainder shunted to ground. The 
input current to pin 14 has a guaranteed 
value of between 1.9 and 2.1mA, allowing 
some mismatch in the NPN current source 
pair. The accuracy test circuit is shown in 
Figure 3. The 12-bit converter is calibrated 
for a full scale output current of 1.992mA. 
This is an optional step since the 
MC1508/MC1408 accuracy is essentially 
the same between 1.5 and 2.5mA. Then the 
MC1508/MC1408 circuits’ full scale current 
is trimmed to the same value with R14 so 
that a zero value appears at the error ampli¬ 
fier output. The counter is activated and the 
error band may be displayed on an oscillo¬ 
scope, detected by comparators, or stored 
in a peak detector. 

Two 8-bit D-to-A converters may not be 
used to construct a 16-bit accurate D-to-A 
converter. Sixteen-bit accuracy implies a 
total error ± 1/2 of 1 part in 65,536, or 
±0.00076%, which is much more accurate 
than the ±0.19% specification provided by 
the MCI 508/MCI 408. 

Multiplying Accuracy 

The MC1508/MC1408 may be used in the 
multiplying mode with 8-bit accuracy when 
the reference current is varied over a range 
of 256:1. The major source of error is the 
bias current of the termination amplifier. 
Under worst case conditions, these 8 ampli¬ 
fiers can contribute a total of 1.6/uA extra 
current at the output terminal. If the refer¬ 
ence current in the multiplying mode ranges 
from 16 mA to 4.0mA, the 1.6/iA contributes 
an error of 0.1 LSB. This is well within 8-bit 
accuracy. 

A monotonic converter is one which sup¬ 
plies an increase in current for each incre¬ 
ment in the binary word. Typically, the 
MC1508/MC1408 In monotonic for all val¬ 
ues of reference current above 0.5mA. The 
recommended range for operation with a dc 
reference current is 0.5 to 4.0mA. 

Settling Time 

The worst case switching condition occurs 
when all bits are switched on, which corre¬ 
sponds to a low-to-high transition for all 
bits. This time is typically 300ns for settling 
to within ± 1/2 LSB for 8-bit accuracy and 
200ns to 1/2 LSB for 7-bit accuracy. The 
turnoff is typically under 100ns. These times 
apply when Rl < 5000 and Co 25pF. 


The slowest single switch Is the least signifi¬ 
cant bit, which turns on and settles in 250ns 
and truns off in 80ns. In applications where 
the D-to-A converter functions in a positive 
going ramp mode, the worst case switching 
condition does not occur, and a settling 
time of less than 300ns may be realized. Bit 
A7 turns on in 200ns and off in 80ns, while 
bit A6 turns on in 150ns and off in 80ns. 

The test circuit of Figure 4 requires a smaller 
voltage swing for the current switches due 
to internal voltage clamping in 
MCI 508/MCI 408. A I.OkO load resistor 
from pin 4 to ground gives a typical settling 
time of 400ns. Thus, it is voltage swing and 
not the output Rc time constant that deter¬ 
mines settling time for most applications. 

Extra care must be taken in board layout 
since this is usually the dominant factor in 
satisfactory test results when measuring 
settling time. Short leads, lOO^uF supply 
bypassing for low frequencies, and mini¬ 
mum scope lead length are all mandatory. 
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TEST CIRCUITS (Contd) 


MC1508-8/MC1408-8/MCI 408-7 -F,N 


TRANSIENT RESPONSE AND SETTLING TIME 



For settling time 
measurement. 

(All bits switched 
low to high) 


SETTLING TIME 
Oq for Figure 5 


tS - 300ns typic 
to t LSB 


R L - 50 n 
pin 4 to GND 


Figure 4 


NOTATION DEFINITIONS 


Typical Values R,4 R,^ -■ Ik 

Vref ^ 2.0V 
C 15pF 



The resistor tied to pin 15 is to temperatui 
necessary for alt applications. 


A, Aj Aa A4 As 


and A|^ = "1 ' if Aj^j is at high level 
Ajg = "0" if A is at low level 


(See text for 
values of C) 


Figure 5 


REFERENCE CURRENT SLEW RATE MEASUREMENT 



Figure 6 












NE5007/5008, SE5008-F,N 


DESCRIPTION 

The 5007/5008 series of 8-bit monolithic 
multiplying Digital-to-Analog Converters 
provide very high speed performance cou¬ 
pled with low cost and outstanding applica¬ 
tions flexibility. 

Advanced circuit design achieves 85ns set¬ 
tling times with very low glitch and at low 
power consumption. Monotonic multiply¬ 
ing performance is attained over a wide 40 
to 1 reference current range. Matching to 
within 1 LSB between reference and full 
scale currents eliminates the need for full 
scale trimming in most applications. Direct 
interface to all popular logic families with 
full noise immunity is provided by the high 
swing, adjustable threshold logic inputs. 

Dual complementary outputs are provided, 
increasing versatility and enabling differen¬ 
tial operation to effectively double the peak- 
to-peak output swing. True high voltage 
compliance outputs allow direct output vol¬ 
tage conversion and eliminate output op 
amps in many applications. 

All 5007/5008 series models guarantee full 
8-bit monotonicity and linearities as tight as 
0.1% over the entire operating temperature 
range are available. Device performance is 
essentially unchanged over the ±4.5V to 
±18V power supply range, with 33mW power 
consumption attainable at ±5V supplies. 

The compact size and low power consump¬ 
tion make the 5007/5008 attractive for por¬ 
table and military/aerospace applications. 

FEATURES 

• Fast settling output current—85ns 

• Full scale current prematched to ±1 LSB 

• Direct interface to TTL, CMOS, ECL, 
HTL, PMOS 

• Relative accuracy to 0.1 % maximum over 
temperature range 

• High output compliance—10V to +18V 

• True and complemented outputs 

• Wide range multiplying capability 

• Low FS current drift—±10ppm/°C 

• Wide power supply range—±4.5V to ± 18V 

• Low power consumption—33mW at ±5V 

• SE5008 military qualifications pending 

APPLICATIONS 

• 8-bit, IjjLS A-to-D converters 

• Servo-motor and pen drivers 

• Waveform generators 

• Audio encoders and attenuators 

• Analog meter drivers 

• Programmable power supplies 

• CRT display drivers 

• High speed modems 

• Other applications where low cost, high 
speed and complete input/output versa¬ 
tility are required 


ORDERING INFORMATION 


PIN CONFIGURATION 


RELATIVE 


ACCURACY 

0to70°C -55 to 125° ( 

0.39% FS 

NE5007N 


NE5007F 

0.19% FS 

NE5008N 

SE5008F 

NE5008F 


DEFINITION OF TERMS 


Accuracy—The maximum deviation of the 
Dac output relative to an ideal straight line 
drawn from zero to full scale; 1 LSB for any 
bit combination 

Differential linearity—The incremental er¬ 
ror from an ideal 1 LSB analog output 
change when the digital input is changed 1 
LSB; guaranteed monotonicity requires the 
differential linearity error be less than 1 LSB 
and with a tempco of essentially zero 

Full scale tempco—The change in Dac full 
scale current with change in temperature 
expressed in ppm/°C 

Monotonicity—For a 1 LSB increase of in¬ 
put code, the output either increases or 
remains the same 

Output voltage compliance—The range of 
allowable voltage levels the output pins can 
assume without a major effect on circuit 
performance 

Power supply sens/f/V/fy—The change in 
Dac output current with changes in power 
supply voltage 


F,N PACKAGE* 

VLC [T 


Til COMP. 

X' [I 


jU vref- 

v-CI 


ITI VREF + 

.0 K 


Tsl v+ 

B, (MSB) []T 


17] Bg (LSB) 

Bj [T 


TTj By 

B. E 


T7| Be 

B, [T 


~9~| Be 

*N = Plastic DIP 


F = Cerdip 



CROSS REFERENCE 

The 5007/5008 series are pin and function¬ 
ally compatible with the monoDAC-08 se¬ 
ries of devices. 


PM I 

monoDAC-08A 

monoDAC-08 

monoDAC-08E 

monoDAC-08C 


SIGNETICS 

SE5009 

SE5008 

NE5008 

NE5007 


BLOCK DIAGRAM 
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NE5007/5008, SE5008-F,N 


TEST CIRCUIT 



ABSOLUTE MAXIMUM RATINGS Ta = 25°C unless otherwise noted 


PARAMETER 

RATING 

UNIT 

Ta 

Operating temperature range 


°C 


SE5008 

-55 to +125 



NE5007/8 

0 to +70 


^stg 

Storage temperature 

-65 to +150 

°c 

Pd 

Power dissipation 

500 

mW 


Lead soldering temperature (60sec) 

300 

°C 


V+ to V- supply 

36 

V 


Logic inputs 

V- to V- plus 36V 


Vlc 

Logic threshold control 

V- to V+ 



Analog current outputs 

See output current 
or output voltage 
performance curve 


Vl4, V,5 

Reference inputs 

V- to V+ 


V ,4 to V ,5 

Reference input differential voltage 

±18 

V 

Il4 

Reference input current 

5.0 

mA 
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NE5007/5008, SE5008-F,N 


AC ELECTRICAL CHARACTERISTICS V S = ±15V, I ref " 2.0mA, Output characteristics refer to both I OUT and I OUT unless 

otherwise noted. NE5008; T^ = 0°C to 70°C. SE5008: T^ = -55°C to 125°C. 


PARAMETER 

TEST CONDITIONS 

NE5007 

NE5008 

SE50081 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 


Resolution 

Monotonicity 


8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

— 

8 

8 

8 

8 

8 

8 

Bits 

Bits 


Relative accuracy 

Over temperature range 



±0.39 



±0.19 



±0.19 

%FS 

^s 

Settling time 

To ± 1/2 LSB, all bits 
switched on or off,T a=25°C 


100 



100 



100 


ns 

*PLH 

*PHL 

Propagation delay 
Low-to-high 
High-to-low 

Ta= 25°C, each bit. 

All bits switched 


35 



35 

■ 


35 

60 

ns 

TCIps 

Full scale tempco 



±10 



±10 



±10 


ppm/°C 

< 

o 

o 

Output voltage 
compliance 

Full scale current change 

<1/2 LSB 

-10 


+18 

-10 


+18 

-10 


+18 

V 

'fS4 

Full scale current 

Vref=10.000V, 

Ri4i R- 15 —5.000k0, 

Ta=25°C 

1.94 

1.99 

2.04 

1.94 

1.99 

2.04 

1.94 

1.99 

2.04 

mA 

'fss 

Full scale 
symmetry 

'fS4''fS2 


±2.0 

±16 


±1.0 

± 8.0 


±1.0 

±8.0 

iuA 

'zs, 

Zero scale current 



0.2 

4.0 


0.2 

2.0 


0.2 

2.0 

ma 

'fsr 

Output current 

V-=-5.0V 

V-=-7.0V to -18V 

0 

0 

2.0 

2.0 

2.1 

4.2 

0 

0 

2.0 

2.0 

2.1 

4.2 

0 

0 

2.0 

2.0 

2.1 

4.2 

mA 

V|L 

V|H 

Logic input levels 
Low 

High 

Vlc=0V 

2.0 

■ 

0.8 

2.0 


0.8 

2.0 


0.8 

V 

l|L 

l|H 

Logic input current 
Low 

High 

Vlc=0V 

V(N=-10V to +0.8V 

V|n= 2.0V to 18V 


-2.0 

0.002 

i 

-10 

10 


- 2,0 

0.002 

-10 

10 


-2.0 

0.002 

-10 

10 

)UA 

V|S 

Logic input swing 

V-=-15V 

-10 

. i 

+18 

-10 


+18 

-10 


+18 

V 

Vthr 

Logic threshold 
range 

Vs=±15V 

-10 


+13.5 

-10 


+13.5 

-10 


+13.5 

V 

Il5 

Reference bias 
current 



-1.0 

-3.0 


-1.0 

-3.0 


-1.0 

-3.0 

ma 

dl/dt 

Reference input 
slew rate 

Figures 1, 3 


8.0 



8.0 



8.0 


mA/jUS 

PSSIps. 

PSSIps. 

Power supply 
sensitivity 

Positive 

Negative 

lREF=1mA 

V+=4.5 to 5.5V, V-=-15V; 
V+=13.5 to 16.5V, V-=-15V 

V-=-4.5 to -5.5V, V+=+15V: 
V-=-13.5 to -16.5, V+=+15V 


i 

0.0003 

0.002 

0.01 

0.01 

1 

0.0003 

0.002 

0.01 

0.01 


0.0003 

0.002 

0.01 

0.01 

%FS/%VS 

I+ 

I- 

Powersupply current 
Positive 

Negative 

Vs=±5V, IREF=1.0mA 

1 

L. . . 


2.3 

-4.3 

3.8 

-5.8 


2.3 

-4.3 

3.8 

-5.8 


2.3 1 
-4.3 ! 

3.8 

-5.8 

mA 

I+ 

I- 

Positive 

Negative 

Vg=+5V,-15V, lREF=2.0mA 


2.4 

-6.4 

3.8 

-7.8 


2.4 

-6.4 

3.8 

-7.8 


2.4 

-6.4 

3.8 

-7.8 

I+ 

I- 

Positive 

Negative 

Vs=±15V, lREp=2.0mA 


2.5 

-6.5 

3.8 

-7.8 


2.5 

-6.5 

3.8 

-7.8 

i 

2.5 

-6.5 

3.8 

-7.8 

Pd 

Power dissipation 

±5V, Irff” 10'^A 
+5V, -15V, |pgp=2.0mA 
±15V, lppp=2.0mA 


33 

108 

135 

48 

136 

174 


33 

108 

135 

48 

136 

174 


33 

108 

135 

48 

136 

174 

mW 
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NE5007/5008, SE5008-F,N 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT CURRENT vs OUTPUT 
VOLTAGE(OUTPUT 
VOLTAGE COMPLIANCE) 


ALL BITS ON 







*^min 

oT 1 
max 









V- = 

15V. 

V- 

-5V. 


“ip 


mA 

n. 



c 





r 















1 

r 













_i„ 

1 

= 0 , 

1 

2mA. 







1_ 

_cr 


"""TT 

, ■ 




OUTPUT VOLTAGE (V) 


FAST PULSED 
REFERENCE OPERATION 



200 ns/division 
See Figure 1 

Req = 200n, Rl = 100O, CC = O 


TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 



( 00000000 ) ( 11111111 ) 


FULL SCALE SETTLING TIME LSB SWITCHING 


LOGIC 

INPUT 


OUTPUT 

SETTLING 


ALL BITS SWITCHED ON 



SOns/division 


— 






— 

£: 

— 


— 





— 


:s^_ 

— 



50ns/division 

See Figure 8 of application memo for settling time 
fixture 

IFS = 2mA, Rl = IKn, Va LSB = 4/uA 


FULL SCALE CURRENT vs 
REFERENCE CURRENT 



LSB PROPAGATION DELAY 
vs IFS 



■■ 

■II 

■II 

■11 

■ I 

1 

■ 1 1 


■■ 

■■ 

■II 

■II 

■11 

■ 1 1 
1 

!■ 1 1 


■■ 

■II 

■II 

■■1 

■ 1 1 
II 

!■ 1 


1 Hll 

■II 

■II 

!■ 1 1 
1 

1LSB 

= 78nA 
444HJ- - 

il'iH! 

mrimmii 



I Kill 



Ipg, OUTPUT FULL SCALE CURRENT (mA) 


REFERENCE INPUT 
FREQUENCY RESPONSE 



Curve 1:CC = 15pF, V |fg = 2.0V p-p centered at +1.0V. 
Curve 2;CC = 15pF, V= 50mV p-p centered at 
+200mV. 

Curve 3;CC = OpF, V|n = lOOmV p-p centered at OV 
and, applied thru 50n connected to pin 14. 
+2.0V applied to R 14 . 
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POWER SUPPLY CURRENT (mA) OUTPUT VOLTAGE (V) 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


NE5007/5008, SE5008-F,N 


REFERENCE AMP COMMON 
MODE RANGE 


LOGIC INPUT CURRENT vs 
INPUT VOLTAGE 


Vth - Vlc vs TEMPERATURE 


























































NE5009-F,N • SE5009-F 


DESCRIPTION 

The 5009 monolithic 8-bit digital-to-analog 
converter is an electrical selection of the 
5007/8 series of 8-bit D/A converters. Rela¬ 
tive accuracy is specified to ±V 4 LSB maxi¬ 
mum over the operating temperature range. 
Differential nonlinearity and settling times 
are also specified to maximum limits. 

The device is specifically designed for pre¬ 
cision applications in process control and 
military systems. The SE5009 is specified as 
equal or superior to the PMI DAC-08A in all 
respects. Additional relevant testing and 
application material is shown in the data 
sheet and application notes for the 
NE5007/8. 

FEATURES 

• Fast settling output current—60ns typi¬ 
cal, 135ns maximum 

• Relative accuracy— ±0.1% maximum 

• Differential nonlinearity—±0.19% maxi¬ 
mum 

• Low full-scale current drift, ±10 ppm/°C 
typical 

• SE5009 military qualifications pending 

APPLICATIONS 

• Fast 8-bit A/D converter 

• Variable gain amplifiers 

• Waveform generators 

• 3 digit BCD D/A converter (0.1%) 

• Programmable power supplies 

DEFINITION OF TERMS 

Relative Accuracy—The maximum devia¬ 
tion of the DAC output relative to an ideal 
straight line drawn from zero to full scale; 1 
LSB for any bit combination. 

Differential Nonlinearity—The incremental 
error from an ideal 1 LSB analog output 
change when the digital input is changed 1 
LSB; guaranteed monotonicity requires the 
differential linearity error be less than 1 LSB 
and with a tempco of essentially zero. 

Full Scale Tempco—The change in DAC full 
scale current with change in temperature 
expressed in ppm/°C. 

Monotonicity—for a 1 LSB increase of in¬ 
put code, the output either increases or 
remains the same. 

Output Voltage Compliance—The range of 
allowable voltage levels the output pins can 
assume without a major effect on circuit 
performance. 

Power Supply Sensitivity—The change in 
DAC output current with changes in power 
supply voltage. 


PIN CONFIGURATION 


F,N PACKAGE* 

''lcQI 


Te] COMP 

iod 


jU Vref- 

V- IX 


ill Vref* 

'od 


iH V* 

B, (MSB) [T 


Tt] Be (LSB) 

02 [T 


TT] B; 

b.[T 


Be - 

[X 


Tl Be 

NOTE 


‘SE5009 is in F package only. 


EQUIVALENT SCHEMATIC 



ABSOLUTE MAXIMUM RATINGS Ta = 25°C unless otherwise specified. 


PARAMETER 

RATING 

UNIT 

Total supply voltage (V± - V-) 

36 

V 

Logic input voltage 

V-±36 

V 

Vlc Voltage at pin 1 

V- to V± 

V 

Reference input voltage 

V- to V± 

V 

Reference input differential voltage 

±18 

V 

Reference input current 

5.0 

mA 

Operating temperature range 



SE5009 

-55 to ±125 

°C 

NE5009 

0 to ±70 

°C 

Storage temperature range 

-65 to ±150 

°C 

Lead soldering temperature (lOsec) 

300 

°C 

Power dissipation* 

500 

mW 


NOTE 

‘Derate F package at 10mW/°C above 100°C. 
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NE5009-F,N • SE5009-F 


DC ELECTRICAL CHARACTERISTICS These specs apply for Vs = ± 15V, Iref = 2mA, 

Ta for NE5009 0° to 70°C, Ta for SE5009 -55° to +125°C. 
Output char, for both louT and Iqut. 


PARAMETER 

TEST CONDITIONS 

NE5009 

SE5009 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 


Resolution 


8 

8 

8 

8 

8 

8 

bits 


Monotonicity 


8 

8 

8 

8 

8 

8 

bits 


Relative accuracy 

Over temperature range 



±0.1 



±0.1 

% FS 


Differential nonlinearity 



±0.1 

±0.19 


±0.1 

±0.19 

% FS 

TCIfs 

Full scale tempco 



±10 

±50 


±10 

±50 

ppm/°C 

Voc 

Output voltage compliance 

Full scale current change < 1 / 2 LSB 

-10 


±18 

-10 


±18 

V 

IfS4 

Full scale current 

Vref = 10.000V, R 14 R 15 = 5.000k 

1.984 

1.992 

2.000 

1.984 

1.992 

2.000 

mA 



Ta = 25°C 








Ifss 

Full scale symmetry 

IfS4 - IfS2 


±0.5 

±4.0 


±0.5 

±4.0 

>A 

Izs 

Zero scale current 



0.1 

1.0 


0.1 

1.0 

iuA 

Ifsr 

Output current range 

V- = -5.0V 

0 

2.0 

2.1 

0 

2.0 

2.1 

mA 



V- = -7.0V to -18V 

0 

2.0 

4.2 

0 

2.0 

4.2 

mA 


Logic input levels 









ViL 

Logic “0” 

Vlc = OV 



0.8 



0.8 

V 

ViH 

Logic “1” 

> 

0 

II 

0 

> 

2.0 



2.0 



V 


Logic input current 

> 

0 

II 

0 

> 








IlL 

Logic “0” 

ViN = -10V to +0.8V 


-2.0 

-10 


-2.0 

-10 

/uA 

IlH 

Logic “1” 

ViN = 2.0V to 18V 


0.002 

10 


0.002 

10 

mA 

Vis 

Logic input swing 

V- = -15V 

-10 


+18 

-10 


±18 

V 

Vthr 

Logic threshold range 

Vs = ±15V 

-10 


±13.5 

-10 


±13.5 

V 

Il5 

Reference bias current 



- 1.0 

-3.0 


-1.0 

-3.0 

mA 

di/dt 

Reference input slew rate 


4.0 

8.0 


4.0 

8.0 


mA/juS 


Power supply sensitivity 









PSSIFS+ 

Iref = 1mA, V- = -15V: 










V+ = 4.5 to 5.5V 


0.0003 

0.01 


0.0003 

0.01 

%FS/%VS 



V+ = 13.5 to 16.5V 


0.0003 

0.01 


0.0003 

0.01 

%FS/%VS 

PSSIFS- 


Iref = 1mA, V+ = +15V: 










V- = -4.5 to -5.5V 


0.0003 i 

0.01 


0.0003 

0.01 

%FS/%VS 



V- =-13.5 to-16.5V 


0.0003 

0.01 


0.0003 

0.01 

%FS/%VS 


Power supply current 

Vs = ±15V, Iref= 1.0mA 





1 



1+ 




2.3 

3.8 


2.3 

3.8 

mA 

1- 




-4.3 

-5.8 


-4.3 

-5.8 

mA 


Power supply current 

Vs = -f5V, -15V; Iref = 2.0mA 





1 



1+ 




2.4 

3.8 


2.4 

3.8 

mA 

1- 




-6.4 

-7.8 


-6.4 

-7.8 

mA 


Power supply current 

Vs =±15V, Iref = 2.0mA 








1+ 




2.5 

3.8 


2.5 

3.8 

mA 

1- 




-6.5 

-7.8 


-6.5 

-7.8 

mA 

Pd 

Power dissipation 

±5V, Iref = 1.0mA 


33 

48 


33 

48 

mW 



+5V, -15V, Iref = 2.0mA 


108 

136 


108 

136 

mW 



±15V, Iref = 2.0mA 


135 

174 


135 

174 

mW 


sinnotics 
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NE5009-F,N • SE5009-F 


AC ELECTRICAL CHARACTERISTICS These specs apply for Vs = ±15 V, Ir ef = 2mA, 

Output char, for both (out and Iout • 


PARAMETER 

ts Settling time 

Major carry transition 

^PLH,^PHL Propagation delay 

Each bit 

All bits switched 


TEST CONDITIONS 

To ±V 2 LSB all bits switched 
ON or OFF, Ta = 25°C 
To 90% complete, Ta = 25°C 

Ta = 25° C 


SE/NE5009 

UNIT 

Typ 

Max 


60 

135 

ns 

20 


ns 

35 

60 

ns 

35 

60 

ns 


TEST CIRCUIT 


16 3 13 X 

,4 X 

NE5009 4J 

15 5-12 1 2 X 


REFERENCE DAC 
ACCURACY .006% 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT CURRENT vs OUTPUT 
VOLTAGE(OUTPUT 
VOLTAGE COMPLIANCE) 


ALL BITS ON 



14 -10-8-6 -4 -2 0 2 4 6 8 101214 16 18 

OUTPUT VOLTAGE (V) 


FAST PULSED 
REFERENCE OPERATION 


200 ns/division 
See Figure 1 

Req = 20 on, Rl = loon, cc = o 


TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 



452 


sionotiBS 





























NE5009-F,N • SE5009-F 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


FULL SCALE SETTLING TIME LSB SWITCHING FULL SCALE CURRENT vs 

REFERENCE CURRENT 


IV ALL BITS SWITCHED ON 




LSB PROPAGATION DELAY 
vs IFS 


REFERENCE INPUT 
FREQUENCY RESPONSE 


REFERENCE AMP COMMON 
MODE RANGE 



II 




... — 

n 







ll 













... 

II 







II 


1 





n 







ll 


II z' 





If 

1LSB = 
1 

78nA 

ill 




LSB = 7.8/jA II 

.1 

LL 





lOr-CN moo OO 

999 96d 6 .-(Ni m*" 

Ipg OUTPUT FULL SCALE CURRENT (mA) 



FREQUENCY (MHz) 


Curve 1:CC = 15pF, Vin = 2.0V p-p centered at +1.0V. 
Curve 2;CC = 15pF, Vin = 50mV p-p centered at 
+200mV. 

Curve 3:CC = OpF, Vin = 100mV p-p centered at OV 
and applied thru 50n connected to pin 14. 
+2.0V applied to R 14 . 


2.8 

< 

E 2,4 

S 2.0 

cc 

D 16 
O 

D 1-2 
Q. 

I— 

2 0.8 
o 

0.4 
0 

-14 -10 -6 -4 -2 0 2 4 6 81012141618 

Vis REFERENCE COMMON MODE VOLTAGE (V) 

Positive common mode range is alv/ays (V+) - 1.5V 


ALL BITS ON 





^A 

^mi 











V- = 

-15V 

V- 

^ -5V 



V+ = 

15V 

IE 




' 

REF '■ 

2mA 





_ 













r 




1, 

REF ' I 

I J 

1mA_ 





,! 

1 1 
n 







Ll 

n 



, 

. 1 . 1 . 


LOGIC INPUT CURRENT vs Vjh-VlC TEMPERATURE 

INPUT VOLTAGE 
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NE5009-F,N • SE5009-F 


UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT 


5k !1 (LOW T.C.) 



UNIPOLAR VOLT OUTPUT FOR HIGH IMPEDANCE OUTPUT 



VOUT 


VOUT 



BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY) 



CODE CHART 



B 1 

02 

03 

04 

05 

B 5 By Bs 

VOUT 

VoUT 

POS full scale 

1 

1 

1 

1 

1 

1 

1 

1 

- 9.920V 

+ 10.000 

POS f.s. - 1LSB 

1 

1 

1 

1 

1 

1 

1 

0 

- 9.840V 

+9.920 

+ Zero scale + 1LSB 

1 

0 

0 

0 

0 

0 

0 

1 

- 0.080V 

+0.160 

Zero scale 

1 

0 

0 

0 

0 

0 

0 

0 

0.000 

+ 0.080 

Zero scale - 1LSB 

0 

1 

1 

1 

1 

1 

1 

1 

0.080 

0.000 

Neg full scale - 1LSB 

0 

0 

0 

0 

0 

0 

0 

1 

+ 9.920 

-9.840 

Neg full scale 

0 

0 

0 

0 

0 

0 

0 

0 

+ 10.000 

-9.920 


SignOtiBB 
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NE5009-F,N • SE5009-F 


3 DIGIT BCD CONVERTER 

A 3 digit BCD converter, using inexpensive 
8-bit binary DACs, can achieve±0.1% accu¬ 
racy. The circuit shown in Figure 20 utilizes 
three DACs, one for each decade, to provide 
0 to 999 output steps. DAC 1 contains the 
first four significant digits controlling the 
hundreds digit; DAC 2 controls the tens 
digit and DAC 3 steps 0 to 9. The feedback 
resistor (Ry) sets the full scale at 9.99V. 

The input coding is the popular 8-4-2-1 
coding; i.e. the weighting ratios are 8, 4, 2 
and 1. The full scale (999) BCD code is input 
code 100110011001. 

Full scale adjustment procedure. 

In the sequence below, switch on the follow¬ 
ing code combinations and adjust the indi¬ 
cated potentiometer for the proper output. 


SYMMETRICAL OFFSET BINARY (BIPOLAR) 


Ri 



VoUT = 0 to ±V* 

±V ‘Range; 

±5V for Ri = R 2 = 2.5k 
±10V forRi = R 2 = 5.0k 


3 DIGIT BCD CONVERTER WITH ±0.1% ACCURACY 
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PRELIMINARY SPECIFICATION 


NE5018-F,N 


DESCRIPTION 

The NE5018 is a complete 8-bit digital to 
analog converter subsystem on one rnono- 
lithic chip. The data inputs have input 
latches,controlled by a latch enable pin. The 
data and latch enable inputs are ultra-low 
loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the UE Input Is in the low state. When 
LE goes high, the input data present at the 
mom^t of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most microproces¬ 
sors. 

The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main¬ 
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 


FEATURES 

• 8-bit resolution 

• Input latches 

• Low-loading data inputs 

• On-chip voltage reference 

• Output buffer amplifier 

• Accurate to ± 1/2 LSB 

• Monotonic to 8 bits 

• Amplifier and reference both short- 
circuit protected 

• Compatible with 2650, 8080 and many 
other /jlP's. 

APPLICATIONS 

• Precision 8-bit D/A converters 

• A/D converters 

• Programmable power supplies 

• Test equipment 

• Measuring instruments 

• Analog-digital multiplication 


PIN CONFIGURATION 



F,N PACKAGE 

DIGITAL GND 


III analog GND 

DBG (LSB) [T 


TT] AMP. COMP, 

DB1 [T 


' 2 TI SUM NODE 

DB2 [T 


Tg] Vcc- 

DB3 [ 5 ^ 


III VOUT 

DB4 


< 

n 

0 

DBS [T 


Ts] DAC COMP. 

DB6 


Isl BIPOLAR OFFSET R 

DB7 (MSB) 


H] Vref in 

LE [iT 


H] VrefOUT 

NC 


Vref adj. 

SE5018 available in F package only. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc+ 

Positive supply voltage 

18 

V 

Vcc- 

Negative supply voltage 

-18 

V 

ViN 

Logic input voltage 

0 to 18 

V 

VrefIN 

Voltage at Vref input 

12 

V 

VrefADJ 

Voltage at Vref adjust 

0 to Vref 

V 

VSUM 

Voltage at sum node 

12 

V 

Irefsc 

Short-circuit current 




to ground at Vref OUT 

Continuous 


lOUTSC 

Short-circuit current to ground 




or either supply at Vout 

Continuous 


Iref 

Reference input current 

5 

mA 

Pd 

Power dissipation* 




-N package 

800 

mW 


-F package 

1000 

mW 

Ta 

Operating temperature range 




SE5018 

-55 to +125 

°C 


NE5018 

0 to +70 

°C 

Tstg 

Storage temperature range 

-65 to +150 

°C 

Tsold 

Lead soldering temperature 




(10 seconds) 

300 

°C 


‘NOTE 

For N package, derate at 120°C/W above 35° C 
For F package, derate at 75°C/W above 75° C 


smnDtiGS 
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PRELIMINARY SPECIFICATION 


NE5018-F,N 


DC ELECTRICAL CHARACTERISTICS Vcc+ = 15V, Vcc- = -15V, SE5018 -55°c < Ta < 125°C, 

NE5018. 0°C < Ta < 70°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE5018 

NE5018 

UNITS 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vcc+ 

Positive supply voltage 



15 



15 


V 

Vcc- 

Negative supply voltage 



-15 



-15 


V 


Resolution 



8 



8 


bits 


Relative accuracy 




±0.19 



±0.19 

% 

Ts 

Settling time 

To ± 1/2LSB, 10V step 


2 



2 


MS 

PSRR 

Power supply 

Vcc+ +12to+18V 


±1 



±1 


mV/V 


Rejection ratio 

Vcc- -12 to-18V 








icc+ 

Positive supply current 

Vcc+- 15V 


8 



8 


mA 

Icc- 

Negative supply current 

Vcc-= -15V 


-10 



-10 


mA 

llN(O) 

Logic “0” input current 

< 

z: 

II 

o 

< 


5 



5 


mA 

Vin(O) 

Logic “0” input voltage 




0.8 



0.8 

V 

ViNd) 

Logic “1” input voltage 


2.0 



2.0 



V 

TpWLE 

Latch enable pulse width 



400 



400 


ns 


BLOCK DIAGRAM 


_ DIGITAL 

LE DB7 OB6 DBS OB4 OB3 DB2 DB1 DBO GND 



All R valves equal 5Kn and are thermally matched. 
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NE5018-F,N 
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LM381/381A-N 


DESCRIPTION 

The LM381/LM381A is a dual preamplifier 
for the amplification of low level signals in 
applications requiring optimum noise per¬ 
formance. Each of the two amplifiers is 
completely independent, with individual 
internal power supply decoupler-regulator, 
providing 120dB supply rejection and 60dB 
channel separation. Other outstanding fea¬ 
tures include high gain (112dB), large out¬ 
put voltage swing (Vcc -2V p-p), and wide 
power bandwidth (75kHz, 20V p-p.). The 
LM381/LM381A operates from a single sup¬ 
ply across the wide range of 9 to 40V. 

Either differential input or single ended 
input configurations may be selected. The 
amplifier is internally compensated with the 
provision for additional external compensa¬ 
tion for narrow band applications. 

TYPICAL APPLICATIONS 


TYPICAL TAPE PLAYBACK 
AMPLIFIER 


24V 



NOTE 

All resistors standard and are measured in ohms. 


TYPICAL MAGNETIC PHONO 

PREAMP 



NOTE 

All resistors standard and are measured in ohms. 


FEATURES PIN CONFIGURATION 

• Low noise—.5)uV total input noise 

• High gain—112dB open loop 

• Single supply operation 

• Wide supply range 9—40V 

• Power supply rejection 120dB 

• Large output voltage swing(V qc 
-2VP-P) 

• Wide bandwidth 15MHz unity gain 

• Power bandwidth 75kHz, 20V p-p 

• Internally compensated 

• Short circuit protected 


EQUIVALENT CIRCUIT 




N PACKAGE 




+IN (2) 

IN DIFF. (1) [T 


-IN DIFF. (2) 

IN S.E, (1) [T 


~i7| IN S.E. (2) 

GND [T 


^ 1 EXT. COMP. 

EXT, COMP. ( ^ 



l[T 


~7] Vcc 

OUTPUT (1) \T 


T] OUTPUT (2) 

ORDER PART NO. 

LM381N LM381AN 


TYPICAL APPLICATIONS 


TWO-POLE FAST TURN-ON 

NAB TAPE PREAMP 


24V 



AUDIO MIXER 


24V 



All resistors standard and are measured in ohms. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

+40 

V 

Power dissipation 

600 

mW 

Operating temperature range 

0 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature (soldering, 60sec) 

+300 

°C 
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LM381/381A-N 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 14V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM381/381A 

UNIT 

Min 

Typ 

Max 

Voltage gain 

Open loop (differential Input) 


160,000 


V/V 


Open loop (single ended) 


320,000 


v/v 

Supply current 

Vcc 9 to 40V, RL = « 


10 


mA 

Input resistance 

Positive input 


100 


kn 


Negative input 


200 


kn 

Input current 

Negative input 


0.5 


mA 

Output resistance 

Open loop 


150 


a 

Output current 

Source 


8 


mA 


Sink 


2 


mA 

Output voltage swing 

Peak-to-peak 


Vcc -2 


V 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 14V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM381/381A 

UNIT 

Min 

Typ 

Max 

Small signal bandwidth 



15 


MHz 

Power bandwidth 

20V p-p (Vcc = 24V) 


75 


kHz 

Maximum input voltage 

Linear operation 



300 

mVrms 

Supply rejection ratio 

f=1kHz 


120 


dB 

Channel separation 

f=1kHz 


60 


dB 

Total harmonic distortion 

75dB gain, f = 1kHz 


0.1 


% 


RS = 600a, 100-10,OOOHz 





Total equivalent input noise 

(single ended input) 





LM381A 



0.5 

0.7 


LM381 



0.5 

1.0 


Noise figure 

\ 






50kai00-10,000Hz | 


1.0 


dB 


f Single 






10kn,100-10,000Hz / Ended 


1.3 


dB 


1 Input 






5ka,100-10,000Hz / 


1.6 


dB 


TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


P-P OUTPUT VOLTAGE SWING 
vs Vcc 



10 20 30 40 

SUPPLY VOLTAGE (V( 


PSRR vs FREQUENCY 



FREQUENCY 


% DISTORTION 



10 100 Ik 10k 


FREQUENCY (H/) 


GAIN AND PHASE RESPONSE 



FREQUENCY IHjJ 


NOISE VOLTAGE vs NOISE CURRENT 

FREQUENCY vs FREQUENCY 
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CHANNEL SEPARATION 
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LM382-N 


DESCRIPTION 

The LM382 is a dual preamplifier for the 
amplification of low level signals in applica¬ 
tions requiring optimum noise perform¬ 
ance. Each of the two amplifiers is 
completely independent, with individual in¬ 
ternal power supply decoupler-regulator, 
providing 120dB supply rejection and 80dB 
channel separation. Other outstanding fea¬ 
tures include high gain (lOOdB), large out¬ 
put voltage swing (Vcc -2V) p-p, and wide 
power bandwidth (75kHz, 20V p-p). The 
LM382 operates from a single supply across 
the wide range of 9 to 40V. 

A resistor matrix is provided on the chip to 
allow the user to select a variety of closed 
loop gain options and frequency response 
characteristics such as flat-band, NAB or 
RIAA equalization. The circuit is supplied in 
the 14 lead dual-in-line package. 

TYPICAL APPLICATIONS 


TAPE PREAMPLIFIER 
(NAB EQUALIZATION) 

Vcc 



PHONO PREAMP 
(RIAA EQUALIZATION) 

Vcc 



CAPACITOR 

GAIN 

Cl Only 

C2 Only 

C1 & C2 

40dB 

55dB 

80dB 


FEATURES 

• Low noise—0.8/xV total equivalent input 
noise 

• High gain—lOOdB open loop 

• Single supply operation 

• Wide supply range 9 to 40V 

• Power supply rejection—120dB 

• Large output voitage swing 

• Wide bandwidth—15MHz unity gain 

• Power bandwidth—75kHz, 20V p-p 

• Internaily compensated 

• Short circuit protected 


EQUIVALENT SCHEMATIC 


PIN CONFIGURATION 


N PACKAGE 


+ IN (1) \T 


31 ] + IN (2) 

-IN (1) [T 


31 ] -IN (2) 

GAIN 

CONTROL (1) I- 

GND [T 


■:j7| GAIN 
-' CONTROL (2) 

33 Vcc 

GAIN rr 

CONTROL (1) I- 

GAINF^ 

CONTROL (1) '- 

OUTPUT (1) [T 


TFl gain 

-' CONTROL (2) 

T1 gain 

- ' CONTROL (2) 

Tl OUTPUT (2) 


ORDER NO. 

LM382N 




ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

-H40 

V 

Power dissipation 

600 

mW 

Operating temperature range 

0 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature 

+300 

°C 

(soldering, 60sec) 

_^_i 




TYPICAL APPLICATIONS 
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LM382-N 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 14V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM382 

UNIT 

Min 

Typ 

Max 

Voltage gain 

Open loop (differential input) 


100,000 


v/v 

Supply current 

Vcc 9 to 40V, Rl = “ 


10 

16 

mA 

Input resistance 

Positive input 


100 


kn 


Negative input 


200 


kn 

Input current 

Negative input 


0.5 


mA 

Output resistance 

Open loop 


150 


n 

Output current 

Source 


8 


mA 


Sink 


2 


mA 

Output voltage swing 

Peak-to-peak, Rl = 10k 


Vcc-2 


V 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

LM382 

UNIT 

Min 

Typ 

Max 

Small signal bandwidth 



15 


MHz 

Power bandwidth 

20V p-p (Vcc = 24V) 


75 


kHz 

Maximum input voltage 

Linear operation 



300 

mVrms 

Supply rejection ratio 

f = 1kHz 


120 


dB 

Channel separation 

f = 1kHz 

40 

60 


dB 

Total harmonic distortion 

60dB gain, f = 1kHz 


0.1 

0.3 

% 

Total equivalent input noise 

Rs = 600a, 100-10,000Hz 


0.8 

1.2 

juVrms 

Noise figure 

50kn, 100-10,000Hz 


1.0 


dB 


10ka, 100-10,000Hz 


1.6 


dB 


5ka,100-10,000Hz 


2.6 


dB 


TYPICAL PERFORMANCE CHARACTERISTICS 



LARGE SIGNAL 
FREQUENCY RESPONSE 


GAIN vs TEMPERATURE 


Vcc vs Ice 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont’d) 

P-P OUTPUT VOLTAGE SWING % DISTORTION 

vsVcc 


CHANNEL SEPARATION 



10 100 Ik 10k 

FREQUENCY \H^ 


10 15 20 25 30 35 

SUPPLY VOLTAGE (V) 


NOISE VOLTAGE vs FREQUENCY NOISE CURRENT vs FREQUENCY 


PULSE RESPONSE 
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LM387-N 


DESCRIPTION 

The LM387 is a dual preamplifier for the 
amplification of low level signals in applica¬ 
tions requiring optimum noise perform¬ 
ance. Each of the two amplifiers is com¬ 
pletely independent, with an internal power 
supply decoupler-regulator, providing 
110dB supply rejection and 60dB channel 
separation. Other outstanding features in¬ 
clude high gain (104dB), large output volt¬ 
age swing (Vcc - 2V p-p), and wide power 
bandwidth (75kHz, 20V p-p). The LM387 
operates from a single supply across the 
wide range of 9 to 40V. 

The amplifiers are internally compensated 
for all gains greater than 10. The LM387 is 
available in an 8 lead dual-in-line package. 


TYPICAL APPLICATIONS 



FEATURES 

• Low noise—0.8 mV total input noise 

• High gain—104dB open loop 

• Single supply operation 

• Wide supply range 9 to 40V 

• Power supply rejection—11 OdB 

• Large output voltage swing (VCC - 2V 
P-P) 

• Wide bandwidth 15MHz unity gain 

• Power bandwidth 75kHz, 20V p-p 

• Internally compensated 

• Short circuit protected 


PIN CONFIGURATION 



N PACKAGE 

+ IN(1) |T 


Tl +IN(2) 

-IN [T 


T] -IN (2) 

GND [T 


Vcc 

OUTPUT (1) [T 


~5~] OUTPUT (2) 

ORDER PART NO. 

LM387N 


EQUIVALENT CIRCUIT 



TYPICAL APPLICATIONS 




ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

+40 

V 

Power dissipation 

500 

mW 

Operating temperature range 

0 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 

Lead temperature (soldering, 60sec) 

+300 

°C 
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DC ELECTRICAL CHARACTERISTICS Ta = 25 Vcc = 14V unless 

otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM387 

UNIT 

Min 

Typ 

Max 




Voltage gain 

Open loop 


160,000 


V/V 

Supply current 

Vcc 9 to 40V, Rl = 


10 


mA 

Input resistance 

Positive input 


100 


kn 


Negative input 


200 


kfl 

Input current 

Negative input 


0.5 


iuA 

Output resistance 

Open loop 


150 


a 

Output current 

Source 


8 


mA 


Sink 


2 


mA 

Output voltage swing 

Peak-to-peak 


Vcc-2 


V 


AC ELECTRICAL CHARACTERISTICS Ta = 25 °C, Vcc = 14V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LM387 

UNIT 

Min 

Typ 

Max 

Small signal handwidth 



15 


iviHz 

Power bandwidth 

20V p-p (Vcc = 24V) 


75 


kHz 

Maximum input voltage 

Linear operation 



300 

)uVrms 

Supply rejection ratio 

f=1kHz 


110 


dB 

Channel separation 

f=1kHz 


60 


dB 

Total harmonic distortion 

75dB gain, f= 1kHz 


0.1 


% 

Total equivalent input noise 

Rs = 600n,100-10,000Hz 


0.8 

1.4 

/uVrms 

Noise figure 

50ka 100-10,000Hz 


1.0 


dB 


lOkn, 100-10,000Hz 


1.6 


dB 


5ka 100-10,000Hz 


2.8 


dB 


TYPICAL PERFORMANCE CHARACTERISTICS 
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LM387-N 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 



PSRR vs FREQUENCY 


GAIN AND PHASE RESPONSE 


VOLTAGE GAIN vs 
SUPPLY VOLTAGE 



NOISE VOLTAGE 
vs FREQUENCY 


NOISE CURRENT 
vs FREQUENCY 


PULSE RESPONSE 
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NE/SE540-L 


DESCRIPTION 

The NE/SE540 is a monolithic, class AB 
power amplifier designed specifically to 
drive a pair of complementary output tran¬ 
sistors. The device features low standby 
current yet retains a high output current 
drive capability with internal current limit¬ 
ing. A wide power bandwidth and excellent 
linearity make this device ideal for use an 
audio power amplifier. 

FEATURES 

• Internal current limiting 

• Low standby current 

• High output current capability 

• Wide power bandwidth 

• Low distortion 


PIN CONFIGURATION 



EQUIVALENT SCHEMATIC 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 



SE540 

±27 

V 

NE540 

±22 

V 

Operating temperature range 



SE540 

-55 to ±125 

°c 

NE540 

0 to ±70 

°c 

Storage temperature range 

-65 to ±150 

°c 

Output short circuit duration 

Indefinite 


(Not exceeding maximum dissipation.) 
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NE/SE540-L 


DC ELECTRICAL CHARACTERISTICS Ta == 25°C and Vcc = ±20V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE540 

NE540 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 




Operating supply voltage 


±5 


±25 

±5 


±20 

V 

Quiescent current 



13 

20 


13 

20 

mA 

Input offset voltage 



5 

7 


7 

10 

mV 

Input offset current 



0.3 

0.7 


0.5 

1 

mA 

Input bias current 



1.5 

3 


2 

5 

mA 

Input impedance 



20 



20 


kn 

Current gain 


80 

100 


70 

90 


dB 

Gain variation over 
temperature range 

40dB gain 


±0.1 J 



±0.1 


dB 

Power supply rejection ratio 

40dB gain 

80 

90 


60 

80 


dB 

Common mode rejection ratio 



110 



90 


dB 

Output drive current 


±120 
_I 

±150 
_ 1 


±80 

±100 
_ 1 


mA 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C and Vcc = ±20V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE540 

NE540 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Frequency response 

Distortion 

40dB gain ±1dB 

40dB gain, Output 3dB below 
maximum 

Rl = 6000 

Rl = 2kn 


500 

0.25 

0.06 

0.5 


100 

0.5 

0.06 

1.0 

kHz 

% 

Equivalent input noise voltage 

Rs = 6000 

50Hz to 500kHz 


10 



10 


mV 

Slew rate 

Vcc = ±20V 

Vout = ±15V 


200 

_i 


200 


y/ns 
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NE/SE540-L 


TYPICAL PERFORMANCE CHARACTERISTICS 



POWER SUPPLY REJECTION 
vs FREQUENCY 
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NE/SE540-L 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


TOTAL HARMONIC DISTORTION 
vs FREQUENCY 


INTERMODULATION DISTORTION 
vs LOAD 


TOTAL HARMONIC DISTORTION 
vs LOAD 




BIAS CURRENT 
vs TEMPERATURE 


OFFSET CURRENT 
vs TEMPERATURE 


OPEN LOOP GAIN 
vs TEMPERATURE 



TEMPERATURE IN DEGREE C 


TEMPERATURE IN DEGREE C 
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OFFSET VOLTAGE 
vs TEMPERATURE 


MAXIMUM DISSIPATION 
vs AMBIENT TEMPERATURE 


INTERNAL POWER DISSIPATION 
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NE541-PHA 


DESCRIPTION 

The NE541 is a monolithic, class AB power 
amplifier designed specifically to drive a 
pair of complementary output transistors. 
The device features low standby current yet 
retains a high output current drive capabili¬ 
ty with internal current limiting. A wide 
power bandwidth and excellent linearity 
make this device ideal for use as an audio 
power amplifier. 


FEATURES 

• Internal current limiting 

• Low standby current 

• High output current capability 

• Wide power bandwidth 

• Low distortion 


PIN CONFIGURATION 


PHA PACKAGE 
(Top View) 


O 

R. n B ' ) _ ( n ,R n, 




ORDER PART NO. 

NE541 PHA 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

±42 

V 

Operating temperature range 

0 to +70 

°c 

Storage temperature range 

-65 to +150 

°c 

Output short circuit duration 

Indefinite 


(Not exceeding maximum dissipation.) 




BLOCK DIAGRAM 


PIN DESIGNATION 


PIN NO. 

NAME AND FUNCTION 

1 

Output 2 (base) 

2 

Output 3 (collector) 

3 

V+ 

4 

Power limit 

5 

NO 

6 

Non-inverting input 

7 

NO 

8 

Inverting input 

9 

Power limit 

10 

V- 

11 

NC 

12 

Output 1 (emitter) 
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DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = ±40V unless otherwise specified.1 


PARAMETER 

TEST CONDITIONS 

NE541 

UNIT 

Min 

Typ 

Max 




Operating temperature range 


0 


+70 

°C 

Operating supply voltage 


±5 


±40 

V 

Quiescent current 



14 

25 

mA 

Input offset voltage 



7 

10 

mV 

Input offset current 



0.5 

1 

jjiA 

Input bias current 



2 

6 

mA 

Input impedance 

40dB gain 


20 


kn 

Current gain 


70 

90 


dB 

Gain variation over temperature range 

40dB gain 


±0.1 


dB 

Power supply rejection ratio 

40dB gain 

60 

70 


dB 

Common mode rejection ratio 



90 


dB 

Output drive current 


55 

80 


mA 


NOTES 

1. Heat sink tab is tied to substrate—do not ground or tie to any voltage. 

2. Not exceeding maximum dissipation. 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = ±40V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 


NE541 


UNIT 

Min 

Typ 

Max 

Frequency response 

40dB gain ±1dB 


100 



Distortion 

40dB gain, Output 3dB below 
maximum, Rl = 6000 


0.4 

1.0 


Equivalent input noise voltage 

Rs = 6000, 50Hz to 500kHz 


10 


^V 
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NE542-N 


DESCRIPTION 

The NE542 is a dual preamplifier for the 
amplification of low level signals in applica¬ 
tions requiring optimum noise perform¬ 
ance. Each of the two amplifiers is com¬ 
pletely independent, with individual internal 
power supply decoupler-regulator, provid¬ 
ing 110dB supply rejection and 70dB chan¬ 
nel separation. Other outstanding features 
include high gain (104dB), large output volt¬ 
age swing (Vcc -2\/p-p), and internal com¬ 
pensation to lOdB. The NE542 operates 
from a single supply across the wide range 
of 9 to 24V. 

The NE542 is ideal for use In stereo phono, 
tape, or microphone preamps and other 
applications requiring low noise amplica¬ 
tion of small signals. 


FEATURES PIN CONFIGURATION 

• Low noise—.7/xV total input noise 

• High gain—104dB open loop 

• Single supply operation 

• Wide supply range 9 to 24V 

• Power supply rejection 110dB 

• Large output voltage swing 
(Vcc -2V P-P) 

• Wide bandwidth 15MHz unity gain 

• Power bandwidth 100kHz (15V p-p) 

• Internally compensated (stable at 10dB) 

• Short circuit protected 

• High slew rate 5V/jus 


EQUIVALENT CIRCUIT 




N PACKAGE 


HN (1 ) [T 

W 

^ +IN (2) 



^ IN (2) 

CND [T 



Output (1) jT 


~5~| Output (2) 


ORDER NO. 

NE542N 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

+24 

V 

Power dissipation 

500 

mW 

Operating temperature range 

0 to +70 

°C 

Storage temperature range 

-65 to+150 

°C 

Lead temperature (soldering, 60sec) 

+300 

°C 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = i4V 

unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE542 

UNIT 

Min 

Typ 

Max 




Supply voltage 


9 


24 

V 

Supply current 

Vcc = 9 to 18V, Rl = “ 


9 

12 

mA 

Input resistance 






Positive input 



100 


kn 

Negative input 



200 


kO 

Output resistance 

Open loop 


150 


n 


smnDtics 
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NE542-N 



AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 14V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE542 

UNIT 

Min 

Typ 

Max 

Voltage gain 

Open loop 


160,000 


v/v 

Input current 






Negative input 



■5 


mA 

Output current 

Source 

8 

14 


mA 


Sink (linear operation) 

2 

3 


mA 

Output voltage swing 


Vcc -2.5 

Vcc -2 


V 

Small signal bandwidth 



15 


MHz 

Slew rate 



5 


V/mS 

Power bandwidth 

15V p-p 


100 


kHz 

Maximum input voltage 

Linear operation 



300 

mVrms 

Supply rejection ratio 

f = 60,120Hz 


100 


dB 


1= 1kHz 


110 


dB 

Channel separation 

f = 1kHz 


70 


dB 

Total harmonic distortion 

75dB gain, f = 1kHz 


■1 


% 

Total equivalent input 






Noise 

RS = 600n, 100- 10.000Hz 


.7 

1,2 

juVrms 

Noise figure 

RS=50kn, 10- 10,000Hz 


1.2 


dB 


RS=20ka, 10 10,000Hz 


1.2 


dB 


RS = 10ka 10- 10,000Hz 


T5 


dB 


RS = 5ka, 10-10,000Hz 


2.4 


dB 


TYPICAL PERFORMANCE CHARACTERISTICS 
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NE542-N 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 


PSRR vs FREQUENCY 



FREQUENCY (Hz) 


NOISE VOLTAGE vs 
FREQUENCY 



GAIN AND PHASE RESPONSE 



FREQUENCY (f 


NOISE CURRENT 
vs FREQUENCY 


FREQUENCY (Hz) 



VOLTAGE GAIN vs 
SUPPLY VOLTAGE 


SUPPLY VOLTAGE (\ 


PULSE RESPONSE 



TYPICAL APPLICATIONS 


TYPICAL TAPE PLAYBACK AMPLIFIER 


12V 



TWO-POLE FAST TURN-ON NAB TAPE PREAMP 



R1AA MAGNETIC PHONO PREAMP 

12V 
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OBJECTIVE SPECIFICATION 


570/571-N 


DESCRIPTION 

The 570/571 is a versatile low cost dual gain 
control circuit in which either channel may 
be used as a dynamic range compressor or 
expandor. Each channel has a full wave 
rectifier to detect the average value of the 
signal; a linerarized, temperature compen¬ 
sated variable gain cell; and an operational 
amplifier. 

The 570/571 is well suited for use in tele¬ 
phone subscriber and trunk carrier systems, 
communications systems and hi-fi audio 
systems. 

FEATURES 

• Complete compressor and expandor in 
1 IC 

• Temperature compensated 

• Greater than 110dB dynamic range 

• Operates down to 6Vdc 

• System levels adjustable with external 
components 

• Distortion may be trimmed out 

CIRCUIT DESCRIPTION 

The 570/571 compandor building blocks, as 
shown in the block diagram, are a full wave 
rectifier, a variable gain cell, an operational 
amplifier and a bias system. The arrange¬ 
ment of these blocks in the IC result in a 
circuit which can perform well with few 
external components, yet can be adapted to 
many diverse applications. 

The full wave rectifier rectifies the input 
current which flows from the rectifier input, 
to an internal summing node which is bi¬ 
ased at Vref- The rectified current is aver¬ 
aged on an external filter capacitor tied to 
the C reCT terminal, and the average value 
of the input current controls the gain of the 
variable gain cell. The gain will thus be 
proportional to the average value of the 
input signal for capacitively coupled voltage 
inputs as shown in the following equation. 
Note that for capacitively coupled inputs 
there is no offset voltage capable of pro¬ 
ducing again error. Theonlyerrorwill come 
from the bias current of the rectifier (sup¬ 
plied internally) which is less than .l^uA. 

G oc I ^IN-VrEfI ave 
Ri 

or 

G oc 

The speed with which gain changes to fol¬ 
low changes in input signal levels is deter¬ 
mined by the rectifier filter capacitor. A 
small capacitor will yield rapid response but 
will not fully filter low frequency signals. 
Any ripple on the gain control signal will 
modulate the signal passing through the 
variable gain cell. In an expandor or com- 


APPLICATIONS 

• Telephone trunk compandor—570 

• Telephone subscriber compandor—571 

• High level limiter 

• Low level expandor—noise gate 

• Dynamic noise reduction systems 

• Voltage controlled amplifier 

• Dynamic filters 


ABSOLUTE MAXIMUM RATINGS 


BLOCK DIAGRAM 


pressor application, this would lead to third 
harmonic distortion, so there is a tradeoff to 
be made between fast attack and decay 
times, and distortion. For step changes in 
amplitude, the change in gain with time is 
shown by this equation. 

G(t} = (Ginitial " Gfinal) e~^^T 

"Gfinal;^ = ’0'<>'CBECT 

The variable gain cell is a current in, current 
out device with the ratio Iout/Mn con¬ 
trolled by the rectifier. I in is the current 
which flows from the AG input to an internal 
summing node biased at Vr^f- The follow¬ 
ing equation applies for capacitively cou¬ 
pled inputs. The output current, I OUT. ‘S 
fed to the summing node of the op amp. 


V|n-Vref V|n 
'in - r; - “r7 


PIN CONFIGURATION 


N PACKAGE 

Rect. Cap 1 | 1 


je] Rect. Cap 2 

Rect. In 1 [T 


"iil Rect. In 2 

AG Cell In 1 [T 


'TT| AG Cell In 2 

GND [T 


Til vcc 

Inv. In 1 


Til Inv. In 2 

Res. R 3 1 


TTl Res. R 3 2 

Output 1 1 7 


10 1 Output 2 

THD Trim 1 [T^ 


~9~| THD Trim 2 


A compensation scheme built into the AG 
cell compensates for temperature, and can¬ 
cels out odd harmonic distortion. The only 
distortion which remains is even harmonics, 
and they exist only because of internal 
offset voltages. The THD trim terminal pro¬ 
vides a means for nulling the internal offsets 
for low distortion operation. 


The operational amplifier (which is internal¬ 
ly compensated) has the non-inverting in¬ 
put tied to Vref. and the inverting input 
connected to the AG cell output as well as 
brought out externally. A resistor, R 3 , is 
brought out from the summing node and 
allows compressor or expandor gain to be 
determined only by internal components. 
The output stage is capable of ±20mA out¬ 
put current. This allows a +13dBm (3.5V 
rms) output into a 3000 load which, with a 
series resistor and proper transformer, can 
result in +13dBm with a6000 output imped¬ 
ance. 


PARAMETER 

RATING 

UNIT 


Positive supply 


Vdc 


570 

24 



571 

18 


ta 

Operating temperature range 

-40 to +70 

°c 

pd 

Power dissipation 

400 

mW 
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OBJECTIVE SPECIFICATION 


570/571-N 


A band gap reference provides the refer¬ 
ence voltage for all summing nodes, a regu¬ 
lated supply voltage for the rectifier and AG 
cell, and a bias current for the AG cell. The 
low tempco of this type of reference pro¬ 
vides very stable biasing over a wide tem¬ 
perature range. 

The typical performance characteristics il¬ 
lustration shows the basic input-output 
transfer curve for basic compressor or ex- 
pandor circuits. 


TYPICAL PERFORMANCE 
CHARACTERISTICS 


BASIC INPUT-OUTPUT 
TRANSFER CURVE 



OR 


EXPANDOR INPUT LEVEL (dBm) 


DC ELECTRICAL CHARACTERISTICS Ta = 25°c, Vcc = 15V1 


PARAMETER 

TEST CONDITIONS 

NE570 

NE571 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vcc Supply voltage 


6 


24 

6 


— 

18 

V 

IqC Supply current 

No signal 


3.2 

4.0 




mA 

Output current capability 


±20 






mA 

Output slew rate 



±.5 





V/us 

Gain cell distortion2 

Untrimmed 


.3 

1.0 


.5 

2.0 

% 


Trimmed 


.05 



.1 



Resistor tolerance 



±5 

±15 




% 

Internal reference voltage 


1.7 

1.8 

1.9 

1.65 

1.8 

1.95 

V 

Output dc shifts 

Untrimmed 


±20 

±50 


±30 

±100 

mV 

Expander output noise 

No signal, 20Hz-20kHz 


20 





AiV 




-15 





dBRNC 

Unity gain level 


-1 

0 

+1 

-1.5 

0 

+1.5 

dBm 

Gain changes,^ 

-40°C < T < 70°C 


±.1 

±.3 


±.1 

±.5 

dB 


0°C < T < 70°C 


±.1 

±.2 


+ .1 

±.4 


Reference drifts 

-40°C < T < 70°C 


+2, -25 

o 

1 

o 


+2,-25 

+ 20, -50 

mV 


0°C < T < 70°C 


±5 

±10 


±5 

±20 


Resistor drifts 

-40°C < T < 70°C 


+8,-0 





% 


0°C < T < 70°C 


+1,-0 






Tracking error^ 

Rectifier input= 







dB 


+6dBm 


±.2 







-lOdBm 


+.2 

-.2,+.4 


+.2 

-.2,+.5 



-20dBm 


+.2 

-.3,+.6 


+.2 

-.4,+.7 



-30dBm 


+.2 

-.5,+1 


+.2 

-1,+1.5 



-40dBm 


+.2,-.4 



+.2,-.4 




NOTES 


1. Except where indicated, the 571 specifications are identical to the 570 

2. Measured at OdBm 

3. Expander ac input change from no signal to OdBm 

4. Relative to value at Ta = 25°C 

5. Relative to OdBm 
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CA3089-N 


DESCRIPTION 

CA3089 is a monolithic integrated circuit 
that provides all the functions of a compre¬ 
hensive FM-IF system. Figure 6 is a block 
diagram showing the CA3089 features, 
which include a three-stage FM-IF amplifi¬ 
er/limiter configuration with level detectors 
for each stage, a doubly-balanced quadra¬ 
ture FM detector and an audio amplifierthat 
features the optional use of a muting 
(squelch) circuit. 

The advanced circuit design of the IF sys¬ 
tem includes desirable features such as de¬ 
layed AGC for the RF tuner, an AFC drive 
circuit, and an output signal to drive a tun¬ 
ing meter and/or provide stereo switching 
logic. In addition, internal power supply 
regulators maintain a nearly constant cur¬ 
rent drain over the voltage supply range of 
+8 to +18 volts. 

The CA3089 is ideal for high-fidelity opera¬ 
tion. Distortion in a CA3089 FM-IF system is 
primarily a function of the phase linearity 
characteristic of the outboard detector coil. 

The CA3089 utilizes a 16-lead dual-in-line 
plastic package and can operate over the 
ambient temperature range of -40°C to 
+85° C. 

FEATURES 

• Exceptional limiting sensitivity: 10^V typ. 
at -3dB point 

• Low distortion: 0.1% typ. (with double- 
tuned coil) 


• Single-coil tuning capability 

• High recovered audio: 400mV typ. 

• Provides specific signal for control of 
interchannei muting (squelch) 

• Provides specific signal fOr direct drive of 
a tuning meter 

• Provides delayed AGC voltage for RF 
amplifier 

• Provides a specific circuit for flexible 
AFC 

• Internal supply/voltage regulators 

APPLICATIONS 

• High-fidelity FM receivers 

• Automotive FM receivers 

• Communications FM receivers 


PIN CONFIGURATION 


N PACKAGE 

IF INPUT [T 


IT 

z 

o 

IF INPUT r— 
BYPASSING LL 


IibI delayed AGC 

IF INPUT 
BYPASSING 


1T\ SUBSTRATE 

FRAME [T 


TTI TUNE METER 

MUTE CONTROL [T 


17] MUTE LOGIC 

AUDIO OUT [T 


TT] V* 

AFC OUTPUT [T 


To] REF. BIAS 

IF OUT [F 


—1 QUADRATURE 
INPUT 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

DC supply voltage; 



Between terminals 11 and 4 

18 

V 

Between terminals 11 and 14 

18 

V 

DC Current (out of terminal 15) 

2 

mA 

Device dissipation: 



Up to Ta = 60°C 

600 

mW 

Above Ta = 60° C 

derate linearly 



6.7 

mW/°C 

Ambient temperature range: 



Operating 

-40 to +85 

°C 

Storage 

-65 to +150 

°C 

Lead temperature (during soldering): 



At distance not less than 1/32” (0.79mm) 

+265 

°c 

from case for 10 seconds max. ^ 




BLOCK DIAGRAM 



NOTE 


All resistors values are typical and in ohms. 
*L tunes with 100pF (C) at 10.7MHz 
Qqs 75 (G.l. EX22741 or equivalent) 
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DC ELECTRICAL CHARACTERISTICS Ta = 25°C, = 12V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

CA3089 

UNIT 

Min 

Typ 

Max 

STATIC (DC) CHARACTERISTICS 







Quiescent circuit current 

No signal input, non-muted 

16 

23 

30 

mA 

DC Voltages:^ 






Vi 

Terminal 1 (IF input) 

No signal input, non-muted 

1.2 

1.9 

2.4 

V 

V2 

Terminal 2 (ac return to input) 

No signal input, non-muted 

1.2 

1.9 

2.4 

V 

V3 

Terminal 3 (dc bias to input) 

No signal input, non-muted 

1.2 

1.9 

2.4 

V 

Ve 

Terminal 6 (audio output) 

No signal input, non-muted 

5.0 

5.6 

6.0 

V 

V7 

Terminal 7 (A.F.C.) 

No signal input, non-muted 

5.0 

5.6 

6.0 

V 

Vio 

Terminal 10 (dc reference) 

No signal input, non-muted 

5.0 

5.6 

6.0 

V 

DYNAMIC CHARACTERISTICS 






V|(iim) 

Input limiting voltage (-3dB point)3 



10 

25 

mV 


AMR AM Rejection (terminal 6)4 

V|N = 0.1V, Fo= 10.7MHz, 







fmod = 400Hz, AM Mod = 30% 

45 

55 


dB 

Vo 

Recovered audio voltage (terminal 6)3 


300 

400 

500 

mV 

Total harmonic distortioniT 






THD 

Single tuned (terminal 6)3 



0.5 

1.0 

% 

THD 

Double tuned (terminal 6)4 

fmod = 400Hz, V|N = 0.1 


0.1 


% 

S+N/N 

Signal plus noise to noise ratio (terminal 6)3 

Deviation = ±75kHz 

60 

67 


dB 

MUin 

Mute input (terminal 5) 

Vs = 2.5V 


70 


dB 

MUout 

Mute output (terminal 12) 

ViN = 50)uV 



.5 

V 



> 

o 

11 

z 

> 

4.0 



V 

MTR 

Meteroutput (terminal 13) 

ViN = 0.1V 

3.5 

4.5 


V 



ViN = SOOiuV 

1.0 

1.5 


V 


■ ■ 

< 

z 

11 

o 

< 



.7 

V 

AGC 

Delayed AGC (terminal 15) 

ViN = 0.1V 



.5 

V 



V|N = 10 ^V 

4.0 

5.0 


V 

THD 

Double tuned (terminal 6)4 

fmod ~ 400Hz 


0.1 


% 



VlN = 0.1 






NOTES 

1. THD characteristics and Audio Level are essentiallly a function of the phase and Q 
characteristics of the network connected between terminals 8, 9 and 10. 

2. Test circuit Figure 1. 

3. Test circuit Figure 2. 

4. Test circuit Figures 1 and 2. 
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CA3089-N 


TEST CIRCUITS 


TYPICAL FM TUNER (With a single-tuned detector coil.) 


V + = 12V 



NOTES: All resistors values are typical and in ohms. 

1. Waller 4SN3FIC or equivalent 

2. Murate SFG 10.7mA or equivalent 

3. Rs will affect stability depending on circuit layout. 
To increase stability Rs is decreased. Range of Rs is 
330 to son, Ri + Rs < 330n 

4. L tunes with lOOpF (C) at 10.7MH2 

Qo unloaded s 75 (Q.i. EX2274I or equivalent) 

Performance data at fo = 98MHz, fMoD = 400Hz, deviation = 
±74kHz; 

-3dB limiting sensitivity 2^V (antenna level) 

20dB quieting sensitivity VV (antenna level) 

30dB quieting sensitivity 1.5;uV (antenna level) 


SYSTEM DESIGN 
CONSIDERATIONS 

The CA3089 is a very high gain device and 
therefore careful consideration must be 
given to the layout of external components 
to minimize feedback. The input by-pass 
capacitors should be located close to the 
input terminals and the values should not be 


large nor should the capacitors be of the 
type which might introduce inductive react¬ 
ance to the circuit. An example of good by¬ 
pass capacitors would be ceramic disc with 
values in the range of .01 to .05 microfarad. 

The input impedance of the CA3089 is ap¬ 
proximately 10,000 ohms. It Is not recom¬ 
mended to match this impedance. The value 


of the input termination resistor should be 
as low as possible without degrading sys¬ 
tem operation. The lower the value of this 
resistor the greater the system stability. An 
input terminating resistor between 50 and 
100 ohms is recommended. 


TYPICAL PERFORMANCE CHARACTERISTICS 


MUTING ACTION, TUNER AGC 

(Tuning meter output as a 
function of input 
signal voltage.) 



INPUT SIGNAL - /uV 
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CA3089-N 


TEST CIRCUITS 


TEST CIRCUIT 

(Using a single-tuned detector coil.) 



‘NOTE 

L tunes with lOOpF (C) at 10.7MHz. 

All resistors values are typical and in ohms. 

Qo (unloaded) s 75 (G.l. automatic mfg. div. EX22741 or equivalent). 


Figure 1 


TEST CIRCUIT 

(Using a double-tuned detector coil.) 



‘NOTE: All resistors values are typical and in ohms. 

T: Pri. - Q© (unloaded) s 75 (tunes with lOOpF (Cl) 20 t of 34e on 7/32” dia. form) 

Sec. - Qo (unloaded) s 75 (tunes with lOOpF (C2) 20 f of 34e on 7/32” dia. form) 
kO (percent of critical coupling) > 70% 

(Adjusted for coil voltage Vc) = 150mV 

Above values permit proper operation of mute (squelch) circuit "E” type slugs, spacing 
4mm 


Figure 2 
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MC1496/MC1596/N5596-K,N 


DESCRIPTION 

The 5596 is a monolithic Double-Balanced 
Modulator/Demodulator designed for use 
where the output voltage is a product of an 
input voltage (signal) and a switched func¬ 
tion (carrier). The S5596 will operate over 
the full military temperature range of -55° C 
to +125° C. The N5596 is intended for appli¬ 
cations within the range of 0°C to +70°C. 

FEATURES 

• Excellent carrier suppression 

65dB typ @ 0.5MHz 
50dB typ @ 10MHz 

• Adjustable gain and signal handling 

• Balanced inputs and outputs 

• High common-mode rejection—85dB typ 

EQUIVALENT SCHEMATIC 


APPLICATIONS 

• Suppressed carrier and ampiitude modu¬ 
lation 

• Synchronous detection 

• FM detection 

• Phase detection 

• Sampiing 

• Singie sideband 

• Frequency doubiing 


PIN CONFIGURATIONS 

N PACKAGE 
MCI 496/MCI 596 


POSITIVE 
SIGNAL INPUT 


NEGATIVE 
SIGNAL INPUT 



N PACKAGE 
5596 



POSITIVE rr 
SIGNAL INPUT ^ 

GAIN ADJUST [T 

NO [T 

GAIN ADJUST [T 

NEGATIVE rr 
SIGNAL INPUT LE. 


NEGATIVE 
CARRIER INPUT 


POSITIVE 
CARRIER INPUT 



—I NEGATIVE 
i2J CARRIER INPUT 
■T] POSITIVE 
—I CARRIER INPUT 

T] POSITIVE 
OUTPUT 


K PACKAGE 
5596, MC1496, MC1596 
(Top View) 


POSITIVE SIGNAL ^ 
INPUT 

/ d 

GAIN ADJUST / 0 
GAIN ADJUST I 0 


© ® © 


NEGATIVE SIGNAl\ © Y?) 

INPUT X. ^ 


. NEGATIVE CARRIER 
I INPUT 


POSITIVE CARRIER 
INPUT 


ABSOLUTE MAXIMUM RATINGS 

PARAMETER 


Applied voltagei .2 
Differential input signal (Vt-Vs) 
Differential input signal (V4-V1) 
Input signal (V 2 -V 1 , V3-V4) 

Bias current (I 5 ) 

Power dissipation (pkg. limitation) 
K package 
Derate above 25° C 
A package (TO-116) 

Derate above 25° C 
Operating temperature range 
Storage temperature range 


Pin number references pertain to K package pinout only. 


RATiNG 

UNiT 

30 

V 

±5.0 

V 

(5 ± I5 Re) 

V 

5.0 

V 

10 

mA 

680 

mW 

5.4 

mW/°C 

900 

mW 

7.2 

mW/°C 

-55 to +125 

°C 

-65 to +150 

°C 

3-5. 
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MC1496/MC1596/N5596-K,N 


DC ELECTRICAL CHARACTERISTICS V+ = +12Vdc, V- = -9.0Vdc, 15 = I.OmAdc, RL = 3.9ka Re= I.Oka 

Ta = 25°C unless otherwise specified. 



PARAMETER 

TEST CONDITIONS 

MC1596 

MC1496/5596 



Min 

Typ 

Max 

Min 

Typ 

Max 

UNIT 



Single-ended input impedance 

Signal port, f = 5.0MHz 








Rip 

Parallel input resistance 



200 



200 


kn 

Cip 

Parallel input capacitance 



2.0 



2.0 


pF 


Single-ended output impedance 

f = 10MHz 








Rop 

Parallel output resistance 



40 



40 


kn 

Cop 

Parallel output capacitance 



5.0 



5.0 


pF 


Input bias current 








mA 

IbS 

h "i” I 4 









IbS - 2 



12 

25 


12 

30 


IbC 

lbs= + 



12 

25 


12 

30 

mA 


Input offset current 








mA 

lioS 

II 

CO 

0 



0.7 

5.0 


0.7 

7.0 


lioC 

o' 

0 

II 

00 " 



0.7 

5.0 


0.7 

7.0 

mA 


Average temperature coefficient 









Tclio 

of input offset current 

Output offset current 

TA = -55°Cto +125°C 


2.0 



2.0 


nA/°C 

loo 

le - I 9 



14 

50 


15 

80 

mA 

Tcloo 

Average temperature coefficient 
of output offset current 
Common-mode quiescent 

TA = -55°Cto +125°C 


90 



90 


nA/°C 

Vo 

Output voltage (Pin 6 or Pin 9) 



8.0 



8.0 


Vdc 


Power supply current 








mAdc 

Id+ 

le + I 9 



2.0 

3.0 


2.0 

4.0 


Id- 

I10 



3.0 

4.0 


3.0 

5.0 


Pd 

DC power dissipation 



33 



33 


mW 


NOTE 

Pin number references pertain to K package pinout only. 













MC1496/MC1596/N5596-K,N 


AC ELECTRICAL CHARACTERISTICS v+ = +i2Vdc, V- = -9.0Vcic, I 5 = i.OmAdc, Rl = 3.9kn, Re = i.Okn, 

Ta = +25°C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

MCI 596 

MC1496/5596 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

VCFT 

Carrier feedthrough 

Vc = eOmVrms sinewave and 










offset adjusted to zero 










fc = 1.0kHz 


40 



40 


juVrms 



fc = 10MHz 


140 



140 





Vc = 300mVp-p squarewave: 
Offset ad] usted to zero fc = 1 .OkHz 


0.04 

0.2 


0.04 

0.4 

mVrms 



Offset not adjusted fc = 1.0kHz 


20 

100 


20 

200 


Vcs 

Carrier suppressions 

fs - 10kHz, 300mVrms sinewave 
fc ~ 500kHz, eOmVrms sinewave 

50 

65 


40 

65 


dB 



fc = 10MHz, 60mVrms sinewave 


50 



50 



BWadB 

Transadmittance bandwidth 

Carrier input port, Vc = SOmVrms 


300 



300 


MHz 


(Magnitude) (Rl = 50n) 

sinewave fs = 1.0kHz, 
300mVrms sinewave 










Signal Input port, Vs = 300mVrms 


80 



80 


MHz 



sinewave |Vc| = 0.5Vdc 








AVs 

Signal gain 

Vs = lOOmVrms; f = 1.0kHz 

2.5 

3.5 


2.5 

3.5 


V/V 



|Vc| = 0.5Vdc 








CMV 

Common-mode input swing 

Signal port, fs = 1.0kHz 


5.0 



5.0 


Vp-p 

ACM 

Common-mode gain 

Signal port, fs = 1.0kHz 


-85 



-85 


dB 



|Vcl = 0.5Vdc 








DVout 

Differential output voltage 
swing capability 



8.0 



8.0 


Vp-p 


NOTE 

Pin number references pertain to K package pinout oniy. 


CARRIER REJECTION AND SUPPRESSION 
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NE546-N 


DESCRIPTION 

The NE546 is a monolithic integrated circuit 
that provides an RF amplifier, IF amplifier, 
mixer, oscillator, AGC detector, and voltage 
regulator in a single 1C. The primary appli¬ 
cation is super heterodyne AM radio receiv¬ 
er particularly in automobile radios. The 
NE546 is available in a 14 lead dual inline 
package. 


PIN CONFIGURATION 


N PACKAGE 


mixer I— 
INPUT ll_ 

OSCI LLATOR [T~ 

SUPPLY Q 

MIXER I- 

DECOUPLER Li. 

DETECTOR [— 
INPUT LL 

IF OUTPUT 
IF INPUT [T 


ORDER PART NO. 

NE546N 


BLOCK DIAGRAM 



MIXER 

OUTPUT 

"iT] RF OUTPUT 
^ RF INPUT 

Tl 

—I DECOUPLE 
^ AGC filter! 
~9~[ GROUND 1 
~8~| GROUND2 


FEATURES 

• Low noise 

• Build in AGC circuit 

• Separately accessable amplifiers 

• Mixer-oscillator stage with internal 
feedback 

• High selectivity 

• High image rejection 


absolute maximum ratings 


PARAMETER 

RATING 

UNIT 

Vcc Supply voltage pins 3, 13, 14 

16 

V 

at pin 6 



DC Supply voltage (V+) 

40 

V 

DC Supply current 

35 

mA 

Internal power dissipation* 

750 

mW 

Lead temperature 

300 

°C 

Operating temperature range 

-40 to +85 

°C 

Storage temperature range 

-65 to +150 

°C 


NOTE 

Rating applies for temperatures up to 55° C. 
Derate linearly at 6.67nW/°C above 55°C. 
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PARAMETER 

TEST CONDITIONS 

NE546 

UNIT 

Min 

Typ 

Max 

DC VOLTAGE 







+Vcc 

Supply voltage 


9.0 


15.0 


Vos(Vi-V4) 

Mixer balance 



1.0 


mV 

V3 

Zener voltage: 


5.5 

6.0 

7.0 

V 


at terminal 5 






Vs 

AGC voltage 


0.1 

0.25 

0.4 

V 

Ml 

Pin 7 voltage 


0.55 

0.70 

0.80 

V 

Vl2 

Pin 12 voltage 


0.6 

0.71 

0.8 

V 

Vl3 

Pin 13 voltage 



4.0 


V 

DC CURRENT 







Icc 

Supply current 


15 

18 

22 

mA 

I 2 

Oscillator current 



1.0 


mA 

I 3 

Zener current 


12 

14 

16 

mA 

l6 

IF current 


3.5 

4.3 

6 

mA 

Il3 

RF current 



4.0 

5 

mA 

Il4 

Mixer current 



0.17 

0.38 

mA 

STATIC 







Ve 

I.F. breakdown and 

Apply 5 volts to pin 6 only. 

400 

500 

600 

mA 


linearity 

Vcc = 0 volts. Measure pin 6. 





Ve 

I.F. breakdown and 

Apply 25 volts to pin 6 only. 

2.0 

2.5 

3.0 

mA 


linearity 

Vcc = 0 volts. Measure pin 6.* 
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AC ELECTRICAL CHARACTERISTICS 



PARAMETER 

TEST CONDITIONS 

NE546 

UNIT 


Min 

Typ 

Max 




Vsat 

Saturation 

Per sensitivity test interrupting 
input signal measure output voltage. 

500 



mV 

Vsen 

Sensitivity 

Input signal to dummy 
antenna at fiN = 1MHz, 30% 

AM modulation at fiviOD = 400Hz, 
for 11 mV output at Vo. 


2.5 

5 

^,A 

S/N 

Signal-to-noise ratio 

Ratio of output at Vo with modulation 

ON and then OFF, input signal = 100 )uV, 

30% AM modulation at fiviOD = 400Hz. 

34 



dB 

Dist. 

Overload distortion 

Input signal set at 1MHz, 90% AM modu¬ 
lation, distortion at Vo must be 10%. 

100 

155 

250 

mV 


NOTE 

Performance characteristics in circuit of Figure 3, 


TYPICAL PERFORMANCE CHARACTERISTICS 



signotiES 


497 









































OBJECTIVE SPECIFICATION 

FEATURES 

• Single crystal (10.24MHz) 

• Generates both receive L.O.’s for dual 
conversion plus transmit frequency 

• Binary input 

• ROM programmed 

• Up to 64 channel capability 

• High or low side L.O. injection 

• Wide supply range: 8V ^ 16V 

• Single line T/R programming 

• Regulated 5 volt output (10mA) 

• Internal transmit squelch 


BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Power supply 

16 

V 

Max. VCO input frequency 

40 

MHz 

Reference frequency 

10.24 

MHz 

Logic input current 

1 

fiA 


sjgnDtiBS 
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OBJECTIVE SPECIFICATION 

TYPICAL APPLICATION 


XMIT 

OUTPUT 



I 




500 


sijinDtics 









TCA 440-N 


DESCRIPTION 

TCA440 is a monolithic 1C, especially devel¬ 
oped for AM receivers up to 50MHz. It in¬ 
cludes a RF stage with AGC, a balanced 
mixer, separate oscillator and an IF amplifi¬ 
er with AGC. Because of its low current 
consumption and of its internal stabilization 
the TCA440 is perfectly suited for battery 
operated portables, car and home radios. 


FEATURES 

• Balanced circuit 

• Separately controllable prestage 

• Multiplicative push-pull mixer with sep¬ 
arate oscillator 

• High signal handling capability even with 
4.5V supply voltage 

• 10OdB feedback control range in 5 stages 

• Direct connection for tuning meter 

• Minimum external components 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 

15 

V 

Tamb 

Ambient temperature In operation 

-15 to +80 

°c 

Ts 

Storage temperature 

-30 to +125 

°c 

Vcc 

Range of operation 

4.5 to 15 

V 


PIN CONFIGURATION 

N PACKAGE 



MIXER OUTPUT 
MIXER OUTPUT 
+ SUPPLY 
IF DECOUPLE 
IF INPUT 
IF INPUT 
METER OUTPUT 
AGC IF STAGE 


ORDER PART NO. 

TCA440N 


BLOCK DIAGRAM 



TUNING METER 

Recommended instruments: 

500/uA (Ri = 800kn) 
300 mA (Ri = 1.5kn) 

The IC offers at pin 10 a tuning meter volt¬ 
age of 600 mVEMP max. with a source im¬ 
pedance of approx. 4000. 

FUNCTION 

As pictured in the circuit diagram the 
TCA440 comprises two control loops Inde¬ 
pendent of each other which control the RF 
stage and the IF stages. By AGCing the RF 
stage, excellent signal handling is obtained. 
A voltage of 2.6Vpp on the IC Input can be 
handled with very low distortion. The push- 
pull mixer operates multiplicatively, thereby 
resulting in few harmonic mixing products 
and whistling points. The oscillatorwhich is 
separated from the mixer is also apted ex¬ 
cellently for short waves. From the AGC of 
the RF amplifier a voltage is derived for a 
tuning meter which can be connected di¬ 
rectly to the meter. The symmetric composi¬ 
tion of the circuit provides high stability 
against oscillation and, at the same time, an 
AGC range of more than 10OdB. The bridge 
circuit of the mixer provides good isolation 
of the oscillator. 


sjonotiBs 
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TCA 440-N 


DC ELECTRICAL CHARACTERISTICS Vcc = 9V, Ta = 25°C unless otherwise specified. 





TCA 440 



PARAMETER 

TEST CONDITIONS 

Min 

Typ 

Max 

UNIT 

Icc 

Total current consumption at: 

Vcc = 4.5V 


7 


mA 



Vcc = 9V 


10.5 


mA 



< 

o 

o 

II 

cn 

< 


12 


mA 

AC ELECTRICAL CHARACTERISTICS 

Vcc = 9V, Ta = 25°C, fiRF = 600kHz, fmod 

= IkHx unless otherwise specified. 




TCA 440 



PARAMETER 

TEST CONDITIONS 

Min 

Typ 

Max 

UNIT 

AGrf 

RF level deviation for (m = 80%) 

AVaf = 6dB 


65 


dB 



AVaf = lOdB 


80 


dB 

VAFeff 

AF output voltage for Virf 

m = 80% Virf = 20mV 


140 


mV 


(symm. measured at 1-2) 

Virf = 1 mV 


260 





Virf = 500mV 


350 





m = 30% Virf = 20mV 


50 


mV 



Virf = ImV 


100 





Virf = 500mV 


130 



ViRF 

Input sensitivity (measured at 

At signal-to-noise distance 






60n, fiRF = 1 MHz, 
m = 30%/0%, Rg = 5400) 

S + N = 6dB 

N 

S + N = 26dB 

N 

S -f N = 58dB 

N 


1 


mV 




7 


mV 




1 


mV 

RF unit 







fiRF 

Input frequency range 



0 to 50 


MHz 

fiF 

Output frequency 

u_ 

oc 

II 

O 

CO 

o 

II 


460 


kHz 

AGv 

Control range 



38 


dB 

ViRFpp 

Input voltage 

for 600kHz, m = 80%, for 


2.6 


Vpp 



Overdrive, kAF = 10%, 







Symmetrically measured at pins 1 & 2 







(mean carrier value) 





ViRFeff 




.5 


V 

SIF 

IF suppression between 1-2 to 15 



20 


dB 

Z| 

RF input impedance 

Asymmetrical coupling at: 







GRFmax 


2/5 


ka/pF 



ORFmin 


2.2/1.5 


ka/pF 



Symmetrical coupling at: 







GRFmax 


4/5 


ka/pF 



GRFmin 


4.5/1.5 


ka/pF 

Zgosc 

Mixer output impedance 

Pins 15 or 16 


250/4.5 


ka/pF 

IF unit 







fllF 

Input frequency range 



0to2 


MHz 

AGv 

Control range at 460kHz 



62 


dB 

ViFeff 

Input voltage 

Mean carrier value at Gmin for 
Overdrive (kAF = 10%), measured 


200 


mV 



at Pin 12 (600 to ground. 







fiF = 460kHz, ra - 80%, fmocf == 1kHz) 





VAFeff 

AF output voltage 

ViiF at 600 (Pin 12) fmod = 1kHz 







V|F = 30/liV, m = 80% 


50 


mV 



ViF = 3mV, m = 80% 


200 


mV 



ViF = 3mV, m = 30% 


70 : 


mV 

Z| 

IF input impedance 

Asymmetrical coupling 


3/3 


ka/pF 

Zg 

IF output impedance 

Pin 7 


200/8 


ka/pF 
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TCA 440-N 


TYPICAL APPLICATIONS 


APPLICATION EXAMPLE FOR MW 



L1-L2 with Vogt coil set D21-2375.1 
L3-L1 with Vogt coil set D41-2519 
LI 105 turns 12x0.04 CuLS 
7 turns 0.10 CuL 
80 turns 12 x 0.04 CuLS 
35 turns 12 x 0.04 CuLS 
15 turns 0.10 CuL 
L6 70 turns 12 x 0.04 CuLS 
L7 35 turns 12 X 0.04 CuLS 
20 turns 12 x 0.04 CuLS 
50 turns 12 X 0.04 CuLS 
L10 22 turns 12 X 0.04 CuLS 
L11 400 turns 0.06 CuL 


APPLICATION EXAMPLE FOR MW 



Prestage control is derived 
from IF control 

LI 105 turns 12 x 0.04 CuLS 
L2 7 turns 0.10 CuL 
L3 80 tu rns 12 X 0.04 Cu LS 

L4 35 turns 12x0.04 CuLS 
L5 15 turns 0.10 CuL 
L8 20 turns 12 X 0.04 CuLS 
L9 50 turns 12x0.04 CuLS 
L10 22 turns 12x0.04 CuLS 
L11 400 turns 0.04 CuL 
L1-L2 with Vogt coil set D21-23751 
L3-L11 with Vogt coil set D41-2519 
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TCA 440-N 


TYPICAL APPLICATIONS (Cont d) 


APPLICATION EXAMPLE FOR AM USING VARICAP DIODES BB 113 



LI 105 turns 

L2 7 turns 

L3 80 turns 

L4 35 turns 

L5 15 turns 

L8 20 turns 

L9 50 turns 


12 X 0.04 CuLS 
0.10 CuL 
12 X 0.04 CuLS 
12 X 0.04 CuLS 
0.10 CuL 
12 X 0.04 CuLS 
12 X 0.04 CuLS 
12 X 0.04 CuLS 
0.06 CuL 


L1-L2 with Vogt coil set D21-23751 
L3-L11 with Vogt coil set D41-2519 


Vd = 8.5V-fi = 800kHz 
Vd = 30V-fi = 1620kHz 



CONVERSION CONDUCTANCE 
vs OSCILLATOR VOLTAGE 


RF STAGE CONTROL 






Vj = 600 KHz unmod. 
V.,.= 460 KHz unmod. 


''OSC ® CAPACITANCE TO GROUND) 


The input is not power matched and can be driven with a higher resistance, Vi is chosen so 
that a constant Vis is obtained (SOmVpp). 
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TYPICAL PERFORMANCE CHARACTERISTICS 


AF OUTPUT VOLTAGE AND NOISE 
FIGURE vs RF INPUT VOLTAGE 
(switching position 1) 



SIGNAL TO NOISE DISTANCE vs 
RF INPUT VOLTAGE 
(switching position 2) 


SIGNAL TO NOISE DISTANCE vs 
RF INPUT VOLTAGE 
(parameter is generator impedance) 
(switching position 1) 



V,RpAT60n 
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TCA 440-N 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont’d) 


TEST FIGURES FOR APPLICATION EXAMPLE FOR AM USING BB 113 


TEST FIGURES FOR APPLICATION 
EXAMPLE FOR MW HARMONIC 
DISTORTION AND AF OUTPUT 
VOLTAGE vs RF INPUT VOLTAGE 
MEASURED SYMMETRICALLY AT 
PINS 1 AND 2 fj = 1MHz, fmod = IkHz, 
f|F = 455kHz, Vcc = 9V 



10"3 io~2 10-1 10° 101 102 103 lO^mV 

-►VjRF 


fj = 1MHz, = 1kHz, f|F = 455 kHz, 

Vcc " 9V, V|pF measured symmetrically at pins 1 and 2 



Example for moving coil instruments 
Rj for full-scale deflection 


1.5kn 

IOOmA 

1.5kn 

170mA 

2 kn 

200mA 

350n 

500mA 


TUNING METER VOLTAGE 
vs IF CONTROL VOLTAGE 
(parameter is impedance of tuning 
meter) 



TEST CIRCUITS 


TEST CIRCUIT FOR NOISE FIGURE 





-O +9V 


^JOOnF 



L1-L2 M25 pot core 

L3-L11 with Vogt coil set D41-2519 


A 

off 


LI 

2 + 6 

turns 6x12x0.04CuLS 

L2 

n 


0.15 CuL 

L3 

90 

turns 

12 X 0.04 CuLS 

L4 

35 

turns 

12 X 0.04 CuLS 

L5 

15 

turns 

0.10 CuL 

L6 

70 

turns 

12 X 0.04 CuLS 

L7 

35 

turns 

12x0.04 CuLS 

L8 

60 

turns 

12 X 0.04 CuLS 

L10 

22 

turns 

12 X 0.04 CuLS 

L11 

68 

turns 

0.06 CuL 

switch 




B 

C 




off separate RF stage control 
on RF stage control voltage derived 
from IF control voltage 


fi = IMHz; m = 30% 


n(turns) 

1 

2 

4 

6 

9 

12 

18 


RGenerator(n) 

15 

60 

240 

540 

1,2K 

2,2K 

4,8K 






























jLiA758-N 


DESCRIPTION 

The /uA758 is a monolithic phase-locked 
loop FM stereo multiplex decoder. The de¬ 
vice decodes an FM stereo multiplex signal 
into right and left audio channels while 
inherently suppressing SGA information 
when it is contained in the composite input 
signal. The device includes automatic 
mono-stereo mode switching and drive for 
an external lamp to indicate stereo mode 
operation. 

The juA758 operates over a large voltage 
range and requires a minimum number of 
external components. A simple setting of an 
external potentiometer adjusts the oscilla¬ 
tor frequency. No coils are required. 


BLOCK DIAGRAM 


FEATURES 

• 45dB channel separation 

• Automatic stereo/mono switching 

• 70dB SCA rejection 

• 10V to 16V supply range 

• High impedance input—low impedance 
output 


PIN CONFIGURATION 




ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

+18 

V 

Supply voltage (< 15 seconds) 

+22 

V 

Voltage at lamp driver terminal 



(Lamp OFF) 

+22 

V 

Internal power dissipation 

730 

mW 

Operating temperature range 

-40 to +85 

°C 

Storage temperature range 

-55 to +125 


Lead temperature (60sec) 

300 

°C 
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/L1A758-N 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, V+ = +12V, igkHz pilot level = SOmVRMS, multiplex signal 

(L = R, pilot OFF) = SOOmVRMS, modulation frequency = 400Hz or 1Hz, 
test circuit 1, unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

mA758 

UNIT 

Min 

Typ 

Max 

Icc 

Supply current 

Lamp OFF 


26 

35 

mA 

IL 

Maximum available lamp current 


75 

150 


mA 

V7 

Voltage at lamp driver terminal 

Lamp = 50mA 


1.3 

1.8 

V 

r\ 

Input resistance 


20 

35 


ka 

ro 

Output resistance 


0.9 

1.3 

2.0 

kn 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

mA758 

UNIT 

Min 

Typ 

Max 

A(V 4 &V 5 ) DC voltage shift at either output 

Stereo to mono operation 


30 

150 

mV 


terminal 






Ps.R.R. 

Power supply ripple rejection 

200Hz, 200mVRMS 

35 



dB 

SEP 

Channel separation 

100Hz 


40 


dB 



400Hz 

30 

45 


dB 



10kHz 


45 


dB 

BAL. 

Channel balance 



0.3 

1.5 

dB 

Av 

Voltage gain 

1kHz 

0.5 

0.9 

1.4 

V/V 


Pilot input level 

Lamp turn-on 


15 

22 

mVRMS 



Lamp turn-off 

2.0 

7.0 


mVRMS 

Pilot input level hysteresis 

Lamp turn-off to turn-on 

3.0 

7.0 


dB 


Capture range 


2.0 

4.0 

6.0 

% 

T.H.D. 

Total harmonic distortion 

Multiplex level = SOOmVRMS pilot OFF 


0.4 

1.0 

% 


19kHz rejection 


25 

35 


dB 


38kHz rejection 


25 

45 


dB 


SCA rejectioni 



70 


dB 

VCO 

Tuning resistances 


21.0 

23.3 

25.5 

kn 

VCO 

Frequency drift 

0°C<Ta<25°C 


+0.1 

±2 

% 



25°C<Ta<70°C 


-0.4 

±2 

% 


NOTES 


1. Measured with a stereo composite signal consistency of 80% stereo, 10% pilot and 10% 
SCA as defined in the FCC Rules on Broadcasting. 

2. Total resistance from pin 15 to ground, in test circuit, required to set reference 
frequency at pin 11 to 19kHz ± lOhz. 


TYPICAL PERFORMANCE CHARACTERISTICS 
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/LtA758-N 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont’d) 


LAMP TURN ON & TURN OFF 
SENSITIVITY vs AMBIENT 
TEMPERATURE 



CAPTURE RANGES vs PILOT LEVEL 



TEMPERATURE C 


PILOT LEVEL-mVrms 


CHANNEL SEPARATION vs 
OSCILLATOR FREE RUNNING 
FREQUENCY ERROR 



OSCILLATOR FREE RUNNING FREQUENCY ERROR- % 


TEST CIRCUIT AND TYPICAL APPLICATION 


V+ = +12V 



NOTE 

Tolerance on resistors is ±5% and tolerance on capacitors is ±20% unless otherwise 
specified. Ci tolerance = ±100%; -20%, Ce tolerance = ±1% in test circuit and ±5% in 
typical applications, R 3 tolerance = ±1%, R4tolerance=±10%, Ri and R 2 tolerances=±1% 
in test circuit and ±5% in typical application. 
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MC1327-N 


DESCRIPTION 

Dual doubly balanced chroma demodulator 
with RGB matrix, PAL switch, and chroma 
driver stages. A monolithic device designed 
for use in solid-state color television re¬ 
ceivers. 


FEATURES 

• Good chroma sensitivity—0.28Vp-p in¬ 
put typicai for 5.0Vp-p output 

• Low differentiai output dc offset 
voitage—0.6V maximum 

• Differentiai dc temperature stabiiity— 
0.7m V/°C 

• High blue output voltage swing—10Vp-p 
typical 

• Blanking input provided 

• Luminance bandwidth greater than 
5.0MHz 


PIN CONFIGURATION 
N PACKAGE 



ORDER PART NO. 

MC1327N 


EQUIVALENT SCHEMATIC 
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MC1327-N 


ABSOLUTE MAXIMUM RATINGS Ta = +25°C unless otherwise specified. 


PARAMETER 

RATING 

UNIT 

Power supply voltage 

30 

Vdc 

Chroma signal input voltage 

5.0 

Vpk 

Reference signal input voltage 

5.0 

Vpk 

Minimum load resistance 

3.0 

kohms 

Luminance input voltage 

12 

Vp-p 

Blanking input voltage 

7.0 

Vp-p 

Power dissipation (package limitation) 



Plastic packages 

625 

mW 

Derate above Ta = +25° C 

5.0 

mW/°C 

Operating temperature range (ambient) 

-20 to +75 

°C 

Storage temperature range 

-65 to +150 

°C 


DC ELECTRICAL CHARACTERISTICS Ta = +25°C, Vcc = 24Vdc, Rl = 3.3k unless otherwise specified. +2 


PARAMETER 

TEST CONDITIONS 

MC1327 

UNIT 

Min 

Typ 

Max 

Quiescent output voltage2 


13.2 

14.5 

15.8 

Vdc 

Quiescent input current from supply2 







Rl = 


7.5 


mA 


Rl = 3.3kn 

16 

19 

26 

mA 

Reference input dc voltage2 



6.2 


Vdc 

Chroma reference input dc voltage 



3.4 


Vdc 

Differential output voltagei,2 



■EH 

0.6 

Vdc 


Temperature coefficient (+25° C to +65° C) 


Kfl 


mV/°C 

Output voltagei-2 

Temperature coefficient (+25° C to +65°C) 


+0.5 

±5.0 

mV/°C 


NOTES 

1 . Chroma input signal voltage = 0 and normal reference input signal voltage = 1 .OVp-p 

2. Reference Figure 2 
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AC ELECTRICAL CHARACTERISTICS Ta = +25°C, Vcc = 24Vdc, Rl = 3.3K, reference input voltage = l.OVp-p, 

unless otherwise specified. 1.2,3,4 


PARAMETER 

TEST CONDITIONS 

MC1327 

UNIT 

Min 

Typ 

Max 

Blue output voltage swingi,4 


8.0 

10 


Vp-p 

Chroma input voltage2,4 

B output = 5.0Vp-p 


280 

550 

mVp-p 

Luminance input resistance 


100 



kn 

Luminance gain from pin 3 to outputs 

@ dc 


0.95 


dB 


@ 5.0MHz, reference at 100kHz 


-1.8 


dB 

Differential luminance gain, RGB outputs 

@ 5.0MHz 


0.3 


dB 

Blanking input resistance 

I.OVdc 


1.1 


kn 


OVdc 


75 


kn 

Detected output voltage (Adjust B output 

G output 

1.4 

1.8 

2.2 

Vp-p 

to 5.0Vp-p, luminance voltage = 23V)4 







R output 

2.5 

2.9 

3.3 

Vp-p 

PAL switch operating voltage range 

7.8kHz square wave 

0.3 


3.0 

Vp-p 

R-Y output dc offset with PAL switch operation 




100 

mVdc 

Demodulator unbalance voltage 

No chroma Input voltage and normal 


200 

300 

mVp-p 


reference signal input voltage 





Residual carrier and harmonic output voltage 

With input signal voltage, normal 


0.6 

1.0 

Vp-p 


reference signal voltage and 






B output = 5.0Vp-p 





Reference input resistance 

Chroma Input = 0 


2.0 


Kn 

Reference input capacitance 

Chroma input = 0 


6.0 


pF 

Chroma input resistance 



2.0 


kn 

Chroma input capacitance 



2.0 


pF 


NOTE 

1. With normal reference input signal voltage, adjust chroma input signai voitage to 
1.2Vp-p. 

2. With normai reference input signal voltage, adjust chroma input signal voltage until 
the blue output voltage = 5.0Vp-p. 

3. With normal reference input signal voltage, adjust chroma input signal voltage until 
the blue output voltage = 5.0Vp-p. At this point, the red and green voltages will fall 
within the specified limits. 

4. Reference Figure 3. 
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MC1327-N 


TYPICAL APPLICATIONS 


1V 

OV 


ITLTLTL 



Figure 1 









MC1327-N 


TEST CIRCUITS 


DC OUTPUT VOLTAGE TEST 
CIRCUIT WITH NORMAL REFERENCE 
INPUT VOLTAGE (B, R, AND G) 


>Rl ”l < <”i. 


>7 06 QS O'* 03 0 2 0* 


>10 011 0*2 Ol3 0*4 


O.lAiF 0.1/iF 


> B-Y REFERENCE INPUT 
) R-Y REFERENCE INPUT 


(Vcc = 24Vdc, Rl = 3.3 kilohms, Ta = +25°C unless otherwise specified.) 

Figure 2 


DYNAMIC TEST CIRCUIT 


RED OUTPUT 0 O GREEN OUTPUT 




LUMINANCE INPUT ' 


>7 Q6 05 O'* 03 02 0* 


0.1/uF 9 ® 9 ® 9 ^^ 9 ^^ 9 ^® 9 ^^* 


) B-Y REFERENCE INPUT 
) R-Y REFERENCE INPUT 
) PAL SWITCH SIGNAL 
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TBA/120S-N 


DESCRIPTION 

An eight stage amplifier with balanced de¬ 
modulator for amplifying, limiting and the 
demodulation of FM signals, specially de¬ 
signed for the sound-IF In TV and RF-IF 
amplifier in radios. An electronic Volume 
Control for the audio outputsignal is also 
provided. 

Groups: 

TBA 120 S is delivered in groups: 

An attenuation of -30dB of the audio out¬ 
putsignal requires a resistor from pin 5 to 
ground as indicated in the table. 

Group ) 2 I 3 I 4 I 5 I 

Value (ka)ll .9 to 2.2 1 2.1 to 2.5 1 2.4 to 2.9 1 2.8 to 3.31 

For example, devices marked TBA120S-3 
indicate group 3. 


EQUIVALENT SCHEMATIC 



PIN CONFIGURATION 



N PACKAGE 


GROUND 

IF 

q; 


u] 

IF INPUT (H) 

DECOUPLING 

d 


m 

IF INPUT (L) 

COLLECTOR 

(REGULATOR) 

d 


n 

ZENER OUTPUT 

REGULATOR 

BASE 

(REGULATOR) 

VOLUME 

CONTROL 

d 

d 


m 

io] 

VCC 

IF AMPLIFIER 

OUTPUT 

IF AMPLIFIER 
OUTPUT 

d 


3 

LC RESONATOR 

LC 

RESONATOR 

d 


3 

AUDIO OUTPUT 


ORDER PART NO. 


TBA120SN (DIP), TBA120ASN (QUAD-IN-LINE) 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage 

18 

V 

Operating temperature range 

-15 to +70 

°c 

Storage temperature 

-40 to +125 

°c 

Power dissipation 

400 

mW 

max 1 minute 

500 

mW 

Supply current 

15 

mA 

max 1 minute 

20 

mA 

Current 13 

1 

mA 

14 

1 

mA 

Operating supply voltage 

6 to 18 

V 

Frequency range 

Oto 12 

MHz 
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TBA/120S-N 


DC ELECTRICAL CHARACTERISTICS (Vcc = 12V; Tamb = 25°C) 


PARAMETER 

TEST CONDITIONS 

TBA120S 

UNIT 

Min 

Typ 

Max 

•cc 

Total current requirement 

Rs = * 

10 

14 

18 

mA 



R5 = 0 

12 

16 

20 

mA 

Ve 

dc-portion of the output signal 

< 

II 

0 


7.3 


V 

Vs 

Voltage 

-IdB down 


2.4 

2.6 

V 



-70dB down 


1.3 


V 

AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C, Vcc = 12V unless otherwise specified. 







TBA120S 



PARAMETER 

TEST CONDITIONS 




UNIT 




Min 

Typ 

Max 


Gv 

IF-voltage gain Ve/Vu 

f = 5.5MHz 


68 


dB 

Vqpp 

IF-output voltage at 







limiting: each output 



250 


mV 

VAFrms 

AF-output voltage 

f = 5.5MHz; Af = ±50kHz: 


1.1 


V 



Vi = 10mV; fmod = 1kHz: 







Q = 45: k = 4% 







f = 5.5MHz: Af = ±50kHz: 


0.55 


V 



Vi = lOmV: fmod = 1kHz; 







Q = 20: k = 1% 





Vlim 

Input voltage starting limiting 

f = 5.6MHz; f = 50kHz; 


30 

60 

mV 



fmod = 1kHz; Q = 45; 





Zi 

Input impedance 

f = 5.5MHz 

15/6 

40/4.5 


kn/pf 

Rq 

Output resistance 

Pin 8 


2.6 


kn 

VAFmax 

Range of volume control 



70 


dB 

VAFmin 







aAM 

AM-suppression 

f = 5.5MHz; f = +50Hz: 

45 

55 


dB 



Vi = 500mV; fmod = 1 kHz; 







m = 30% 





Rs 

Potentiometer resistance 

-IdB down 


3.7 

4.7 

kn 



-70dB down 

1.0 

1.4 


kn 

CHARACTERISTICS OF THE AUXILIARY 






CIRCUIT 







Vl2 

Z-voltage 

Ii 2 = 5mA 

11.2 

12 

13.2 

V 

Rz 

Z-resistance 



30 


n 

VCEO T43 

Breakdown voltage 

U = 0; l 3 = 500/xA 

13 




hFE 

Current gain 

I 3 = 1mA 

30 

120 


V 
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TBA/120S-N 


TYPICAL PERFORMANCE CHARACTERISTICS 


TYPICAL CURVE FROM PRODUCT 
SELECTION NR3. 



-70 -60 -50 -40 -30 -20 -10 0 Ulf 


TYPICAL CURVE FROM PRODUCE-REFLECTION NR3. 



VOLUME CONTROL 
SIGNETICS TBA120S 



2 3 4 5 Kn 

R5 






































































TBA/120T/120U-N 


FEATURES 

TBA120T 

• Input and demondulator are designed for 
use with ceramic resonators 

• Additional output before volume control 
(constant audio signal) for the connec¬ 
tion of headphones and video recorders 

• Additional audio input for connection of 
video recorders (playback) 

• Constant audio output voltage between 
10 to 18V supply voltage of the same level 
as TBA120S operating at 15V supply volt¬ 
age 

• Insensitive against hum from the supply 
voltage therefore very little need for 


smoothing capacitors 

• As there is very little residual IF voltage 
on the audio output, there is no interfer¬ 
ence of the video-IF due to harmonics of 
the sound-iF 

• No seiection for volume control charac¬ 
teristics is necessary 


TBA120U 

• This circuit incorporates ail the advan¬ 
tages of TBA120T but input and demodu¬ 
lator are designed for use in connection 
with standard LC-circuits 

BLOCK DIAGRAM 



NOTES 

1. OnlyTBA120T 

2. OnlyTBA120U 


PIN CONFIGURATION 



N PACKAGE 

GROUND [T 


TTI IF INPUT HIGH 

DE-COUPLING [T 


Ts] IF INPUT LOW 

AUDIO INP. [T 


AUDIO OUT 

J±J UN-CONTROLLED 

V-REFERENCE [T 


iH vcc 

D.C. CONTROL [T 


IFI IF OUT 

IF OUT [T 


ITI QUAD COIL 

QUAD COIL [T 


AUDIO OUT 
-LI CONTROLLED 


Order part no. 


TBA120N/TBA120U/TBA120UN | 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Vcc 

Supply voltage 

18 

V 

Ta 

Ambient temperature in operation 

-15 to +70 


Ts 

Storage temperature 

-40 to +125 


Ptot 

Total power dissipation 

400 

mW 

Vs 

Voltage 

6 

V 

u 

Current 

5 

mA 

Ri3-14 

Ohmic resistance (TBA120U) 

<1 

ka 

Rthsa 

Thermal resistance (system-air) 

<120 

K/W 

Vcc 

Range of operation 

10 to 18 

V 

f 

Frequency range 

Oto 12 

MHz 
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TBA/120T/120U-N 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 12V unless otherwise specified. 





TBA120T/120U 



PARAMETER 

TEST CONDITIONS 




UNIT 


Min 

Typ 

Max 




Icc 

Total current consumption 


9.5 

13.5 

17.5 

mA 

V8 

DC level of output signal 

Vi =0 


4 


V 

Vl2 


Vi =0 


4.9 


V 

V4 

Stabilized voltage 


4.2 

4.8 

5.3 

V 

AC ELECTRICAL CHARACTERISTICS 

Ta = 25°C, Vcc = 12V unless otherwise specified.* 







TBA120/120U 

UNIT 


PARAMETER 

TEST CONDITIONS 

Min 

Typ 

Max 

Gv 

IF voltage gain 

V 6 /Vi 4 (fiF = 5.5MHz) 


68 


dB 

Vqpp 

Output voltage with 
limiting at each output 



250 


mV 

Rq8 

Output impedance 

Pin 8 


1.1 


kn 

Rq12 


Pin 12 


1.1 


kn 

Ri3 

Input impedance 



2 


kn 

Ri4 

Internal impedance 



12 


n 

Vs 

Residual IF voltage 
without deemphasis 



20 


mV 

Vl2 




30 


mV 

Vs/Vs 

AF gain 

AF not regulated 


7.5 



Vaf/s 

Regulation at certain 
ratio of divider 

R 4-5 = 5kn, R 5-1 = 13kn 

20 

28 

36 

dB 

Vafmax 

Vafmin 

Range of volume control 

Referred to pin 8 

70 

85 


dB 

R 4 - 5 * 

Resistance 


1 


10 

kn 

Vilim 

Input voltage for limitation 

flF = 5.5MHz, f = ±50kHz, 


30 

60 

mV 



fMOD = 1 kHz 





V 8 /V 11 

Hum suppression 



35 


dB 

V 12 /V 11 



30 


dB 


‘NOTE 

If dc volume control is not used, pin 4 has to be connected directly to pin 5. 


AC ELECTRICAL CHARACTERISTICS TBA120T Ta = 25°C, Vcc = 12V unless otherwise specified. 




TEST CONDITIONS 

TBA120T ONLY 

UNIT 


PARAMETER 

Min 

Typ 

Max 



Zin 

Input impedance 

fiF = 5.5MHz 


800/5 


n/pF 

aAM 

AM suppression 

fiF = 5.5MHz, f = ±50kHz, 

Vi = 500mV, fMOD = 1kHz 

50 

60 


dB 



m = 30% 





Vs 

AF output voltage 

fiF = 5.5MHz, f = +50kHz, 

650 

900 


mV 



fMOD = 1kHz 





Vl2 



400 

650 


mV 


‘NOTE 

If dc volume control is not used, pin 4 has to be connected directly to pin 5. 


S|l|nDtiC5 
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TBA/120T/120U-N 


AC ELECTRICAL CHARACTERISTICS TBA120V Ta = 25°C, Vcc = 12V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

TBA120U ONLY 

UNIT 

Min 

Typ 

Max 

Zi Input impedance 

fiF = 5.5MHz 

15/6 

40/4.5 


ka/pF 

Sam am suppression 

fiF = 5.5MHz, f = ±50kHz, 

V, = 500mV, fMOD = 1kHz, 
m = 30% 

50 

60 


dB 

Vseff AF output voltage 

Vi 2 eff 

fiF = 5.5MHz. f = ±50kHz, 

Vi = 500)uV, fMOD = 1kHz, 

Qs « 45. k = 4% 

850 

600 

1200 

1000 


mV 

mV 

k Harmonic distortion 

fiF = 5.5MHz, f = +50kHz. 

Vj = 10mV, fMOD = 1kHz, 

Q8-20 


1 


% 


TYPICAL PERFORMANCE CHARACTERISTICS 


Z VOLTAGE vs SUPPLY VOLTAGE 


AF OUTPUT VOLTAGE vs SUPPLY 
VOLTAGE 


TOTAL CURRENT CONSUMPTION 
vs SUPPLY VOLTAGE 



6 8 10 12 14 16 18V 

-►Vn 



6 8 10 12 14 16 18V 


—►Vcc 

OdB = 770mVEFF 



6 8 10 12 14 16 18V 

— Vii 


AF OUTPUT VOLTAGE 
AND DISTURBANCE VOLTAGE 


AF OUTPUT VOLTAGE 
AND DISTURBANCE VOLTAGE 


AF OUTPUT VOLTAGE (PIN 8), 
DISTURBANCE VOLTAGE 


vs INPUT VOLTAGE (INPUT 
WIRED WITH SFE5.5MA/MURATA) 


vs INPUT VOLTAGE (INPUT 
60n IMPEDANCE, BROADBAND) 


AND HARMONIC DISTORTION 
vs INPUT VOLTAGE 



OdB = 770mVEFF 




% 

13 

12 



9 


6 

5 

4 

3 

2 


OdB = 770mVEFF 
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TBA/120T/120U-N 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


HARMONIC DISTORTION 
vs VOLUME CONTROL 


AF OUTPUT VOLTAGE (PIN 8) 
vs POTENTIOMETER RESISTANCE 
AND vs RATIO OF RESISTANCES 


AF OUTPUT VOLTAGE (PIN 8) 
vs VOLTAGE FEEDING INTO PIN 5 






r 



























































± 















T 


lOI! 

NC 

5E 












1 

(1 

L MEASURING AMPLI 

-lEI 





1 



OdB - 

I I r r 
UnFB - 900mV 
SS IF(PIN 14) 

□ 







7 

ACRC 

u 













I 

.OdB 

iv 1 

FB 

1 





-V 





£ 


= 1.1£ 









r> 




□ 


-110 -90 -70 -50 -30 -10 0 20 40dB 

— AVaf 


10 

-20 

®-30 

< -40 

I -60 

-70 

-80 

-90 

-100 



1 

1 

1 

1 

1 

1 

1 

■ 

■ 

■ 

■ 




■ 


an 

HH 

■ 


■ 

■ 

■ 

■ 







■ 


■ 

■ 

■ 

■ 






m 

i 

■ 


■ 

■ 

■ 

■ 






1 

■ 

■ 

■ 

i 







1 

■ 

■ 

i 







■ 

■ 

1 


m 









■ 






■ 

a 

n 

BE 

BBI 





■ 

w. 

m 

■ 

■ 

■ 





■ 

■ 

■ 

■ 

■ 

■ 





n 


0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5kii 

—*-Rx 


With electrolytic capacitor 47/uF from pin 11 to ground. 


-10 

-20 

-30 


t- 


1 5kll 

1 18K! 

^ 1 2^5^ 




J. JL 


> 

Vs 




^Pot 


1 


V4 


j 



1 




j 



j 




j 


, 




i 

f 


I 




/ 



J 




/ 








ViRF = eOmVEFF, f IF = 5.5MHz, .1 f = ±50kHz, 
fMOD = 1kHz, Vcc = 18V 


TEST CIRCUITS 

CIRCUIT FOR DIRECT CONNECTION TO VIDEO RECORDERS 
VIDEO RECORDER 


+ 12V/FREE 



SOCKET (1): Switching voitage: at playback -t-l2V 
at input free 

SOCKET (4): Simultaneous in and output for AF 
FUNCTiON: 

When switching voltage applied the emitter foilower, BC238, on the output is biocked 
and the buffer stage, BC308, is switched on. It includes a pre-emphasis to baiancethe 
de-emphasis at the AF output. The IF amplifier is put out of the operation by the diode, 
BA127, and the 47kohm resistor. The remote controiiabie volume reguiator in the 
TBA120 T/U is used for recording and piayback. 
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TEST CIRCUITS (Con’t) 


RECOMMENDED APPLICATION CIRCUIT (5.5MHz) 



Li: 20 windings 15 x 0.05 CuLS; Qo * 73 
L 2 : 9 windings 0.25 CuLS; Qo * 40 

Coil Assembly Vogt D41 — 2165 (2438) without gaussion core 
NOTES 

1. 820 Ohm is no ionger necessary for TBA120T, as resistance is integrated. 

2. Omitting the eiectrolytic capacitor 47/iF on pin 11 changes voiume-control range. 
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TBA395-N 


DESCRIPTION 

Chrominance combination circuit for use 
in PAL television receivers. 

FEATURES 

• Internal supply line stabilization 

• 20dB ACC range—14dB + 6dB 

• Low external component count 

• Designed to be used in conjunction with 
TBA396 and TBA327/MC1327 


SYSTEM BLOCK DIAGRAM 


PIN CONFIGURATION 


N PACKAGE 



ACC 

DECOUPLING 
NO. 2 

HALF LINE 
OUTPUT 

ACC DECOUPLING 
NO. 1 

CONTROL 

INPUT 

PHASE 

DETECTOR 

OUTPUT 

REFERENCE 

OUTPUT 

CRYSTAL 

CONNECTION 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Power supply current 
dc current capability of 

60 

mA 

reference output 

4.0 

mA 

Chrominance input voltage 

1.2 

Vp-p 

Operating temperature range 

0 to +70 

°C 

Power dissipation (package 
limitation) 

625 

mW 

Derate above Ta = +25° C 

5.0 

mW/°C 

Storage temperature range 

-65 to +150 

°C 
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TBA395-N 


DC ELECTRICAL CHARACTERISTICS Ta = +25° C unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

TBA395 

UNIT 

Min 

Typ 

Max 




Supply voltage 


7.5 

8.4 

9.5 

Vdc 

Burst gate operating voltage 


2.0 


5.0 

V 

Chrominance output dc current 

Color killer operating 



4.0 

mA 


Color killer off 

200 



mA 

AC ELECTRICAL CHARACTERISTICS Ta = 

+25°C unless otherwise specified. 





PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 




Forward transconductance 

Chrominance output 






load — 560n 
fiN = 4.43MHz 

6.4 



mmho 

Chrominance input resistance 


2.4 

3.1 

4.3 

kn 

Reference oscillator pull-in range 


±250 



Hz 

Reference output 


400 

700 


mV 

H/2 bistable output 


1.3 

1.6 

2.2 

Vp-p 




Sil]nDtiC5 
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TBA395-N 


TYPICAL CIRCUIT CONFIGURATION 



SETTING-UP NOTES 

For subcarrier oscillator adjustment the 
chrominance input must be bypassed to 
ground via a 1 nf capacitor. The ACC poten¬ 
tiometer is then set to 1.2 volts below pin 2 
voltage using a high input impedance oscil¬ 
loscope or Voltmeter ( > lOmO). While the 
adjustment is made burst gate pulses must 
be applied to pin 5. 

The oscillator free-running frequency can 
then be adjusted to sub-carrier value ±10Hz. 


The loop will lock if a chrominance signal is 
re-connected. 

With a peak to peak signal of 250mV (100% 
bars) the output on pin 1 should be adjusted 
to 400mV peak to peak using the ACC 
control potentiometer. 

APPLICATION NOTES 

1. Normal decoupling precautions must be 
taken. For example pin 2 (8.4 volt circuit 
supply point) must be decoupled closely to 


pin 6 (ground) thus preventing sub-carrier 
components leaking into sensitive areas of 
the circuit. 

2. To prevent the radiation of sub-carrier 
harmonics, the connection from pin 9 (refer¬ 
ence output) and pin 8 (crystal feedback) 
must be kept as short as possible. 

3. The connection from pin 1 (chroma out¬ 
put) should be also as short as possible to 
prevent capacitive loading of the 1.8kn 
output resistor. 
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TBA396-N 


DESCRIPTION 

Luminance and chrominance combination 
circuit designed for use in PAL television 
receivers. 

FEATURES 

• DC control of brightness, contrast and 
saturation 

• Tracking of saturation with contrast con¬ 
trol changes 

• Beam current limiting 

• Black level clamping 

• Designed to be used in conjunction with 
TBA395 and TBA327/MC1327 


PIN CONFIGURATION 



N PACKAGE 


GROUND 

[I 


u] 

LUMINANCE 

INPUT 

CHROMA 

INPUT 

U 


jU 

DC CONTRAST 

CONTROL 

CHROMA 

d 


n 

DC SATURATION 

OUTPUT EMITTER 


CONTROL 

CHROMA 

d 


ID 

BLACK LEVEL CLAMP 

OUTPUT COLLECTOR 


GATE INPUT 

< 

o 

o 

d 


jU 

BEAM LIMITER 

INPUT 

CLAMP TIME 

d 



DC BRIGHTNESS 

CONSTANT 


CONTROL 

LUMINANCE OUTPUT 

d 


n 

LUMINANCE OUTPUT 

COLLECTOR 


EMITTER 


ORDER PART NO. 




TBA396N 




SYSTEM BLOCK DIAGRAM 


12 10 96 



2 13 14 


ABSOLUTE MAXIMUM RATINGS Ta = +25°C unless otherwise specified. 


PARAMETER 

RATING 

UNIT 

Supply voltage 

20 

V 

Luminance output collector voltage 

30 

V 

Luminance output emitter current 

7.0 

mA 

Chrominance output emitter current 

5.0 

mA 

Operating temperature range 

0 to +70 

°C 

Power dissipation (package 

625 

mW 

limitation) 



Derate above Ta = +25° C 

5.0 

mW/°C 

Storage temperature range 

-65 to +150 

°C 

I 


SjgilDtiBS 
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TBA396-N 


EQUIVALENT SCHEMATIC 



GENERAL ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

TBA396 

UNIT 

Min 

Typ 

Max 

Luminance input resistance 


100 



ka 

Luminance gain 


0.6 

1.0 

1.2 


Change of black level with contrast 
and signal changes 

Black to white 4jus gating 

■1 


3.0 


Black level clamp gating pulse 




1000 


Contrast control range 





dB 

Saturation control range 


Hlgglll 

■1 


dB 

3dB luminance bandwidth 

Resistive load 


7.5 



Video input aperture 





mism 

Chrominance input resistance 






Chrominance voltage gain 

Resistive load 





Chrominance phase shift with 
saturation control 






Chrominance phase shift with 
contrast control 






Chrominance/Luminance tracking 
error with contrast control 





dB 

Threshold of beam limiter 





V 
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TBA396-N 



APPLICATION NOTES 

• The dc controls are relatively insensi¬ 
tive to interference if the decoupling 
associated with these lines is close to 
the 1C. 

• Good decoupling is required close to 
the “cold” end of the PAL delay line 
driving coil to prevent spurious subcarri¬ 
er components reaching the 1C supply 
line. 

SETTING UP PROCEDURE 

The pre-set brilliance control must be ad¬ 
justed to give the correct black level of 
+16.5V at pin 7. If the color demodulator IC 
TBA327/MC1327 is used to complete the 
system a voltage of +7.5V at the chroma 
outputs can be set using the same proce¬ 
dure. 

This operation must be performed with the 
brilliance control at the center of its range. 


signotiES 
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TBA1440-N 


DESCRIPTION 

The circuit is a TV-video amplifier- 
demodulator and consists of: 

Three symmetrical IF-broadband- 
amplifiers with AGC on the first and 
second stage, 

A video balanced-carrier demodulator, 

A video pre-amplifier with lowpass- 
characteristic. 

Gated AGC-section for IF-amplifier and a 
Delayed tuner-AGC-current 
TBA1440 is for PNP-type tuner 
The AGC-current is high enough to drive 
pin-diodes 


FEATURES 

• High gain—high stability—low noise 

• Constant input impedance 

• Output independent of supply-voltage 
over the operating range 

• Minimum IF at video-outputs 

• Fast AGC 

• Low intermoduiation products 

• Low impedance outputs for positive and 
negative going video 

• DC-leveis temperature compensated 

• Adjustable black and white level, each 
independent from the other 

• High tuner-AGC current 

• Adjustable tuner-AGC threshold 



BLOCK DIAGRAM 
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EQUIVALENT SCHEMATIC 














TBA1440-N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Power supply voltage 

10.5 to 16 

V 

Voltage at pin 4 

5 

V 

Voltage at pin 5 

16 

V 

Voltage at pin 14 

5 

V 

Ohmic resistance between 

0 to 20 

a 

pin 8 and pin 9 



Power dissipation 



25° C 

1100 

mW 

70° C 

700 

mW 

Thermal resistance junction to ambient 

110 

°C/W 

Operating temperature range 

-25 to +70 

°C 

Storage temperature range 

-65 to +150 

°C 


DC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 


TBA1440 


UNIT 

Min 

Typ 

Max 

Vcc 


10.5 

15 

16.5 

V 

Icc 

Vcc =15V 


40 

45 

mA 

Viio 

Vii-DC/Ri4 = 0 

7.9 

8.2 

8.5 

V 

Vii 

Vii - DC/Ri4 = ” 

5.4 

5.8 

6.2 

V 

Vl20 

V12 - DC/Ri4 = 0 

2.4 

2.8 

3.0 

V 

Vl2 

Vi2 - DC/Ri4 = * 

1.25 

1.6 

1.8 

V 

THRESHOLD FOR SYNC. LEVEL 
-Vio 

Rio -11 = 0 

0.7 

1.0 

1.3 

V 

-V7 

Negative gating pulse 

0.25 

1 

7 

V 

GAIN CONTROL VOLTAGE 

V4max 

Gain max 


0.5 

1 

V 

V4min 

Gain min 


1.6 

2 

V 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 

TEST CONDITIONS 

TBA1440 

UNIT 

Min 

Typ 

Max 




MINIMUM INPUT VOLTAGE 

Vl/16 

Vii=3Vpp 


500 

750 

/uV 

Vii 

Videoband width (-3dB) 

5.5 

6 

7 

MHz 

ACC range 


50 

55 


dB 

Maximum IF voltage level 
present at video outputs 



60 

70 

mV 

Input Impedance 

Gain max 


1.8 


ka 




2.0 


PF 


Gain min 


1.9 


ka 




1.9 


pFa 


538 


sHjnctics 












BLACK LEVEL (V) 


TBA1440-N 


TYPICAL PERFORMANCE CHARACTERISTICS 


TBA1440 

BLACK LEVEL vs R 10.11 



100 430 IK 2K 3K 4K 10K 20K 100K 

R1O-II 


TBA1440 

WHITE LEVEL vs R 14 



TBA1440 

V 4 vs Vjnput 



TBA1440 

'5 ''S V,nput 



Vimput (dB) 












TBA1440G/1441-N 


DESCRIPTION 

The TBA1440G (for pnp tuner pre-stages) 
and TBA1441 (for npn tuner pre-stages) 
have been developed from the TBA440P/N. 
Their improvements are as follows: 

• Reduced residual IF at outputs 11 and 12 

• Reduced residual IF at pin 13 

• Considerably improved intermodulation 
distance 

• Excellent tuning attitude even with low- 
ohmic tank circuit at demodulator 

The IC’s contain a high-amplifying control¬ 
lable video IF amplifier, a controlled demod¬ 
ulator and two low-resistance video outputs 


ABSOLUTE MAXIMUM RATINGS 


with positive- and negative-going signals as 

well as the complete keyed control and 

delayed tuner control. 

• Large control range with low noise and 
wide dynamic range 

• High sensitivity 

• Controlled demodulator, so minimum 
1.07MHz disturbances 

• Internal temperature stabilization 

• The white levels of the video signals at the 
positive and negative video output are 
independent of the operating voltage 

• The white and black levels can be adjust¬ 
ed separately 


N PACKAGE 


[I 


]I] 

[I 


E 

n; 


l4] 

n 


m 

E 



E 


El 

E 


El 

E 


E 

ORDER PART NO. 

TBA1440GN, TBA1441N 


PARAMETER 

RATING 

UNIT 

Vl3 

Supply voltage 

15* 

V 

V4 

Voltages 

5 

V 

V5 


20 

V 

V14 


5 

V 

R8-9 

Ohmic resistance between pins 8 and 9 

<20 

n 

Rthsa 

Thermal resistance (system-air) 

100 

K/W 

Tj 

Junction temperature 

150 

°C 

Ts 

Storage temperature 

-40 to +125 

°C 

Vl3 

Supply voltage range 

10.5 to 15 

V 

Ta 

Ambient temperature In operation 

-25 to +60 

°c 


•NOTE 


Briefly 16.5V 


DC ELECTRICAL CHARACTERISTICS Via = 13V, fiiF = 38.9MHz; Ta = 25°C; all data with reference 

to ground, unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

TBA1440G/1441 

UNIT 

Min 

Typ 

Max 

Il3 

Current consumption 

Vi3 = 15V 

34 

47 

60 

mA 

Vii 

DC voltage at output 11 

Vi3 = 15V; Vi=0 







Ri4-3 = ~ 


5.5 


V 



R14-3 = 0 


9.6 


V 

Vl2 

DC voltage at output 12 

Vi3 = 15V; Vi=0 







Ri4-3 = 


1.9 


V 



Ri4-3 = 0 


3.5 


V 

< 

o 

II 

< 

AGC threshold 

Vio = sync pulse level for 


1.9 


V 



Rio -11 = 0 





Vi 1 sync 

Sync pulse level with 

Peak level control 


.5 


V 


async or without gating 







pulses 






V4 

IF control voltage 

For max. gain 

0 


.5 

V 



For min. gain 

2.5 


5 

V 

-V7 

Gating pulse voltage 


2 


5 

V 

iii: Ii2 

Output current 

To ground 



5 

mA 



TO +Vi3 j 



-1 

mA 


NOTES 


1. According to test circuit; Vi == effective sync pulse level at 60fl. 

2. Test level acc = -3dB 

asc = -20dB referring to picture carrier. 
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TBA1440G/1441-N 


AC ELECTRICAL CHARACTERISTICS (V 13 = 13V; fiiF = 38.9MHz; Ta = 25° C; all data with reference 


to ground, unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

TBA1440G/1441 

UNIT 

Min 

Typ 

Max 

AV11/AV13 

White level deviation 



100 


mV/V 

AV12/AV13 




20 


mV/V 

R14-3 

Resistance for AVu = IV 



8.5 


kn 

R10-11 

Resistance for sync pulse 
level deviation of IV 



2.4 


kn 

I 5 

Control current for tuner 

V5> 2V 

10 

15 


mA 


prestage 

TBA1440G; lOdB after AGC 
TBA1441; lOdB previous to AGC 





V11; V12 

Residual IF (basic 
frequency) 



10 


mV 

Z1-16 

Input impedance 

At max. gain 


1.8/2 


kn/pF 



At min. gain 


1.9/0 


kn/pF 

Vi 

Input voltagei 

V11 =3Vpp 

70 

100 

300 

mV 

Bvideo 

Video band width 

-3dB 

6 

7 


MHz 

AGv 

AGC range 



55 


dB 

a 

Intermodulation with reference 
color carrier2 



45 


dB 

Zq 8-9 

Output impedance 



2/2.5 


kn/pF 


NOTES 

1 . According to test circuit; Vi = effective sync pulse level at 60n. 

2. Test level acc = -3dB 

asc = -20dB referring to picture carrier. 


TYPICAL PERFORMANCE CHARACTERISTICS 


NOISE FIGURE vs 
ATTENUATION (MEASURED 
AD VIDEO FREQUENCY) 
-Vfb = 3V, Vqc= 15V, f = 36MHz, 
Af = 3MH2, RQ = 500n 


CONTROL VOLTAGE vs 
ATTENUATION 

-Vfb = 3V, Vcc=15V, f = 36MH2, 

Rq = soon 



TUNER CONTROL CURRENT 
vs ATTENUATION 
Rq = PARAMETER 
TBA1440G 



0 -10 -20 -30 -40 -50 -60dB 

-► ATTENUATION - A 



































TDA2541-N 


FEATURES 


PIN CONFIGURATION 


• Performs all video IF functions 

• Provides 63dB IF AGC range 

• Tuner AGC output 

• Black and white noise inverting circuits 

• AFC output 

• High input sensitivity--100)uV typical 

• 53dB S/N ratio at 40dB gain controi 

• Minimal external components and ad¬ 
justments required 

• Switch disabling of video to allow direct 
video interface with VTR 


N PACKAGE 



45.75MHz 
IF INPUT 
DECOUPLING 
CAPACITOR 

AGC CAPACITOR 

GND 


VIDEO OUTPUT 

+vcc 

AFC 

DEMODULATOR 
LC NETWORK 
REFERENCE 
LC NETWORK 


ORDER PART NO. 

TDA2541N 


SIMPLIFIED BLOCK DIAGRAM 
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TDA2541-N 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage Vcc 

14 

V 

Supply current (Vcc = 14V) 

75 

mA 

Power dissipation (Vcc = 14V) 

1.0 

W 

Operating temperature 

0 to +70 

®C 

Storage temperature 

-65 to +150 

°C 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = 12V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

TDA 2541 

UNIT 

Min 

Typ 

Max 

Icc 

Supply current 


37 


67 

mA 

Vth(AFC) 

AFC switched off below 



2.5 


V 

Is 

AFC symmetry 

< 

II 

p 

< 

II 

o 

-40 


+40 

mA 

Vth(VTR) 

VTR switch switches off below 



1.1 


V 

Vws 

White spot inverter threshold level 





V 

Vd(WS) 

White spot inversion clamping level 





V 

Vn 

Noise inverter threshold level 






Vo(N) 

Noise Inversion clamping level 





BHIi 

l4 

Tuner AGC output ON current 






1 - 

< 

> 

Tuner AGC output voltage 

u = 10mA 





u 

Tuner AGC output OFF current 







AC ELECTRICAL CHARACTERISTICS Ta = 25®C, Vcc = 12V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

TDA 2541 

UNIT 

Min 

Typ 

Max 

IF input voltage for onset 


70 

100 

140 

mV 

Vi of AGC (f = 45.75MHz) 





Vo(Z) Zero signal output level 


5.7 

6 

6.3 

V 

Vo{TS) Top sync level 


2.9 

3 

3.2 

V 

Vs AFC output voltage swing 



10 


V 

AVi IF gain control range 


50 

63 


dB 

S/N S/N at Vi= 10 mVi 



58 


dB 

B 3dB bandwidth of video amplifier 



6 


MHz 

dG Differential gain2 



4 

10 

% 

dO Differential phase2 



3° 

10 ° 


Intermodulation (1.1MHz)3 

1.1MHz blue 

46 

60 


dB 


1.1MHz yellow 

46 

50 


dB 

Intermodulation (3.3MHz)4 

3.3MHz 

46 

1 

54 


dB 

Carrier signal at video output 



4 

30 

mV 

2 nd harmonic of carrier at video output 



20 


mV 

Change of frequency 






Af for 10V AFC swing 



100 

200 

kHz 


NOTES 

Vo black to white 


V noise r.m.s. B = 5MHz 

2. Measured with the VZM-2 test set-up of Wandel & Goltermann or equivalent. 

Measured between 10 and 75% of topsync level. 

Vo B-W Vo 4,4MHz 

3. Intermodulation 1.1MHz = 20 log ) dB = 20 log I ^^ -1 + 3.6dB 

4. Intermodulation 3.3MHz = 20 log () dB 

Vo 3.3MHz 
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TDA2541-N 


TYPICAL APPLICATION 



*Open NPN collector 10mA maximum 


TDA2541 VIDEO OUTPUT 

PIN 12 
OUTPUT 
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ULN2211-N 


DESCRIPTION 


FEATURES 


PIN CONFIGURATION 


The ULN2211 contains a limiting amplifier, 
an FM quadrature detector, an electronic 
gain control stage and a 2-watt audio output 
stage. It can be used to detect and amplify 
any FM modulated signal having a 
0.1-20MHZ carrier frequency. 

It is especially recommended as a complete 
TV sound channel requiring few external 
components and only one tuning adjust¬ 
ment for the 4.5MHz tank circuit. Provision 
is made for 6dB/octave de-emphasis and 
tone control. 


• 2-watt output 

• DC volume control attenuation, 70dB typ 

• Limiter gain of 70dB 

• Limiting threshold typically less than 
200/xV 

• Automatic thermal shutdown 

• Over-current limiting 

• 20dB ripple rejection 

• Single supply operation (18-30V) 

• No crossover distortion 


N PACKAGE 


DC VOLUME - 
CONTROL LL 
DETECTOR 
AUDIO OUTPUT L£_ 
POWER AMP. 
AUDIO INPUT 

AUDIO GND 
AUDIO GND 
AUDIO OUTPUT 

VCC [T 

REGULATOR i-p- 
OUTPUT LL 


—1 DE-EMPHASIS 
iiJ TONE CONTROL 

Isl PHASE SHIFT 

~TT| PHASE SHIFT 

TT] AUDIO GND 

~\2\ AUDIO GND 

Til IF DECOUPLING 

To] IF INPUT 

T] RFGND 


ORDER PART NO. 

ULN2211N 


NOTE: Internal power dissipation in watts. 


BLOCK DIAGRAM 



Ro 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Supply voltage, Vcc 

+30 

V 

Input voltage (pin 10) 

+4.0 

Vrms 

Power consumption (internal) 

See Figure 1 


Operating temperature 

-25 to +70 

°C 

Storage temperature 

-65 to +150 

°C 


sionDtiBS 
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ULN2211-N 


AC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +24V; fo= 4.5MHz, Af = 25kHz, fm = 400Hz 


unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

ULN2211 

UNIT 

Min 

Typ 

Max 

Vth 

Recovered audio limiting thresholdi 

Adjust Vi for Vo = 5.6V (Po = 2W) 


150 

350 

mV 

AMR 

AM rejection2 

Adjust Vi for 2W, Vin = lOmV 

30 

55 


dB 

Vo 

Recovered AF voltage (pin 16) 

ViN = 10mV,f = 25kHz 

500 

800 


mVrms 

THDd 

Detector output distortion 

Vin = 10mV,f = 25kHz 


1.0 

2.0 


THDo 

Output distortion 

Po = 2W, Rl = 16 


2 

10 


Playthrough 

< 

II 

o 


10 

15 

mVrms 

Imax 

Current limit 

o 

II 

_1 

CC 


800 


mA 

Vn 

Noise 

V|N = 0, Vi=+15V 


15 

20 

mVrms 

Av 

Power AMP voltage galn3 


25 

27 

29 

dB 

Vo/Vcc 

Output tracking (Ve/V?) 

Vcc = 18 to 27V 


0.5 


V/V 

Z|N 

Audio amp input impedance 

f = 1kHz 

40 

50 

60 

kn 


NOTES 

1. Measured with output at -3dB, reference Vin = 10mV, Af = 25kHz 


Vo (AM, 30%) 


1 

3. Set Vo = IVrms. Av = 20 log - 

(V3rms) 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = +24V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

ULN2211 

UNIT 

Min 

Typ 

Max 




Ice standby current 

o 

II 

z 

> 

25 

45 

60 

mA 

Ve Terminal voltage 


10.5 

12.5 

14.5 

V 

Vio 



1.4 


V 

Vii 



1.4 


V 

Vl4, Vl5 



4.0 


V 

Vi6 



8.0 


V 

Vs 


14 

14.5 

16 

V 

V2 



10 I 


V 

Vs 



2.6 


V 


TYPICAL PERFORMANCE CHARACTERISTICS 


GAIN CONTROL CHARACTERISTIC OUTPUT VOLTAGE AND LINEAR 

RANGE vs Q OF DETECTOR COIL 



0 5 10 15 


ATTENTUATOR CONTROL VOLTAGE V,, 



10 20 30 40 50 

Q 


TYPICAL POWER DISSIPATION 
vs LOAD RESISTANCE AND Vqc 



''cc 
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ULN2211-N 


MAXIMUM ALLOWABLE POWER DISSIPATION 



TYPICAL APPLICATION 


o.iwF 


VOLUME 

CONTROL 


O.luF 


RECOMMENDED 
HEAD SINK- 
STAVER VS-3 


^ R R H 






SSOuF 

H(- 


R 


r 


I 


I” 


i: 


OPTIONAL 

TONE 

CONTROL 


^0 

L 

Rd 

4.5mHz 

10./mHz 

10-14mH 

1-3mH 

5K 


Figure 2 
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NE543-K 


DESCRIPTION PIN CONFIGURATION 

The NE543 is a servo amplifier and pulse- 
width demodulator with internal motor drive 
transistors. It is designed for remote control 
applications in digital proportional systems 
but can be used in many other closed loop 
position control applications. 

FEATURES 

• 450mA load current capability without 
external power transistors 

• Bidirectional bridge output with single 
power supply 

• Low standby power drain 


EQUIVALENT SCHEMATIC 



K PACKAGE 


GROUND 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 


Supply voltage 

6 


Power dissipation (Ta = +25° C) 

830 


Output current (Ta = +25°C) 




153 













NE543-K 


BLOCK DIAGRAM AND TYPICAL CONNECTION 



NE543 SERVO 
DRIVER CONNECTION 

The servo driver receives a nominal 1.5ms 
pulse from the receiver-decoder.The length 
of the input pulse is compared with an 
internally generated pulse. If the pulse dura¬ 
tions differ by more than an allowedamount 
(the deadband), a pulse derived from the 
difference is stretched and applied to the 
output stage. If the input pulse is shorter, 
the motor is driven so as to reduce the value 
of Rs and, hence, the internal pulse width. If 
the input pulse is longer, the motor is driven 
the other way so that R 3 increases and the 
internal pulse is lengthened. In this way, the 
control surface position can be made to 
follow the input pulse. The servo output 


moves over 100 degrees for pulses between 
1 and 2ms. The pulses occur at 16ms inter¬ 
vals. 

The internal pulse generator pulse width is 
determined by C 2 and R 2 in series with R 3 . 
Capacitor C 4 decouples the pulse generator 
from the supply. 

Deadband is controlled by Rd-1 and Rd-2. 
The 33ohm resistor sets deadband at about 
4-5 microseconds (that Is, the circuit will not 
drive the motor until the input pulse is 4 to 5 
microseconds different from the internally 
generated pulse.) 

Resistors RS-1 and RS-2 determine the 


amount of pulse stretching. Capacitors CS- 
1 and CS-2 are the pulse stretching capaci¬ 
tors. The value is not critical, but if changed 
RS-1 and RS-2 will have to be changed 
proportionately. 

Resistors Rb and Rg are feedback resistors 
which prevent overshoot by adjusting the 
closed-loop damping. 

Capacitor Ci is the input coupling capaci¬ 
tor. Resistor Ri can be any value in the 
range shown, but noise immunity is im¬ 
proved if it is at the low end of the range. 
Capacitor C 3 bypasses the power supply at 
the device. 
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NE543-K 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C, = 4 8V unless 

otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

Supply voltage 


3.6 

4.8 

6.0 

V 

Idle current 



8.0 

10.0 

mA 

Input bias current 



24 

50 

mA 

Input impedance 

Pin 4 or pin 6 to ground 

1.9 

2.4 

2.8 

kO 

Output voltage 

Vs = 4.8V, Rl - 350 

3.30 

3.75 


V 

Output current 

Vs = 6.0V, Rl = 11.50 

340 

385 


mA 


Vs = 4.8V, Rl = 11.50 

270 

280 


mA 


Vs - 3.6V, Rl= 11.50 

185 

200 


mA 

Output impedance 


4.0 

4.8 

5.4 

0 

Power dissipation 

Quiescent, Rl = “ 


39 

48 

mW 


Rl = 11.50 


350 


mW 


TYPICAL PERFORMANCE CHARACTERISTICS 


MAXIMUM DISSIPATION 
vs AMBIENT TEMPERATURE 


QUIESCENT CURRENT 
vs SUPPLY VOLTAGE 


INTERNAL PULSEWIDTH 
vs R 3 AND C 2 



DEADBAND vs RESISTOR R^ 


OUTPUT CURRENT 
vs LOAD RESISTANCE 



0 2 4 6 8 10 12 

DEADBAND IN MICROSECONDS 



LOAD RESISTANCE IN OHMS 


15 
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NE544/644-N,W 


DESCRIPTION 

The NE544 is a servo amplifier and pulse- 
width demodulator with internal motordrive 
transistors. It is designed for remote control 
applications in digital proportional systems 
but can be used in many other closed loop 
position control applications. It incorpor¬ 
ates a linear one shot for improved position¬ 
al accuracy and outputs for external pnp 
motor drive transistors. 


FEATURES 

• 500mA load current capability 

• Bidirectional bridge output with single 
power supply 

• Low standby power drain 

• Adjustable deadband and trigger thresh¬ 
olds 

• High linearity, 0.5% maximum error 

• Output drive for external PNP transistors 
(optional) 

• Wide suppiy voltage range 


BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS Ta = 25°C unless otherwise specified. 


PARAMETER 

RATING 

UNIT 

V+ 

Supply voltage 

6.0 

V 

lo 

Output current 

500 

mA 

Ta 

Operating temperature 

-20 to +75 

°C 

"^stg 

Storage temperature 

-65 to +150 

°C 


PIN CONFIGURATIONS 


N PACKAGE 


Timing Capacitor [ 1 
Timing Resistor [ 2 
Regulator Output | 3 
Input I 4 
Ground | 5 
Pulse Stretcher HI 
Deadband | 7 


14 I Position Feedback 
13 I Output (B) 

JU PNP Drive (B) 

Til v- 

To] PNP Drive (A) 

~9l Output (A) 

H Trigger Threshold 


Order part no. NE544N 

N PACKAGE 


Timing Resistor | 1 
Regulator Output m 
Input I 3 
Ground (Signal) | 4 
Ground (Power) □J 

Pulse Stretcher ca 
Deadband | 7 
Trigger Threshold [ 8 


16 I Timing Capacitor 
15 1 Position Feedback 
TT] Output (B) 

TJI PNP Drive (B) 

Til V- 
Til v^ 

To] PNP Drive (A) 

~9~| Output (A) 


Order part no. NE644N 

W PACKAGE* 



‘Pinout same as 644N package 
Order part no. NE644W 


SjOnDtiCS 
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NE544/644-N,W 


EQUIVALENT CIRCUIT SCHEMATIC 



GND (POWER) 


DC ELECTRICAL CHARACTERISTICS Ta = 25®C, Vs = 4.8V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 

< 

O 

O 

Supply voltage 


3.2 

4.8 

6 

V 

•cc 

Supply current 

Quiescent 

4.2 

5.5 

7.3 

mA 

N < 

Input threshold 

On 

Off 

Input resistance 



1.5 

1.4 

18 


V 

kn 

-I I 

o o 
> > 

Output voltage 

Low 

High 

Pin 9 or 13, 1 1 _ = 400mA 


0.3 

3.9 


V 

Vr 

Reference voltage 


2.4 

2.5 

2.7 

V 

PSRR 

Power supply rejection 

a.sv^Vg^ev 


.01 


%/V 


Minimum dead band 

RDB = 0 


1 


^s 


One shot temperature coefficient 



.01 


%rc 


Standby power 



27 


mW 


PNP drive current 

Pin 10 and 12 


20 


mA 
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NE560-N 


DESCRIPTION 

The NE560 Phase Locked Loop (PLL) is a 
monolithic signal conditioner and demodu¬ 
lator system comprising a VCO, Phase 
Comparator, Amplifier and Low Pass Filter, 
interconnected as shown in the accompa¬ 
nying block diagram. The center frequency 
of the PLL is determined by the free running 
frequency (fo) of the VCO. This VCO fre¬ 
quency is set by an external capacitor and 
can be fine tuned by an optional poten¬ 
tiometer. The low pass filter, which deter¬ 
mines the capture characteristics of the 
loop, is formed by the two capacitors and 
two resistors at the Phase Comparator 
output. 


PIN CONFIGURATION 

N PACKAGE 



POSITIVE 

POWER SUPPLY 

LOW PASS 

LOOP FILTER 

LOW PASS 

LOOP FILTER 

FM/RF 

INPUT 2 

FM/RF 

INPUT 1 

OFFSET 

ADJUSTMENT 

DE-EMPHASIS TERMINAL 

(AUDIO BAND SHAPING) 

DEMODULATED FM 

OUTPUT (AN OPEN 

EMITTER) 


The PLL system has a set of self biased 
inputs which can be utilized in either a 
differential or single ended mode. The VCO 
output, in differential form, is available for 
signal conditioning, frequency synchroniza¬ 
tion, multiplication and division applica¬ 
tions. Terminals are provided for optional 
extended control of the tracking range, 
VCO frequency, and output dc level. 

The monolithic signal conditioner- 
demodulator system is useful over a wide 
range of frequencies from less than 1Hz to 
more than 15MHz with an adjustable track¬ 
ing range of ±1% to ±15%. 

FEATURES 

• FM demodulation without tuned circuits 

• Narrow bandpass: ± 14% adjustable 

• Exact frequency duplication in high 
noise environment 

• Wide tracking range: ± 15% 

• High linearity; 1% distortion max 

• Frequency multiplication and division 

APPLICATIONS 

• Tone decoders 

• FM IF strips 

• Telemetry decoders 

• Data synchronizers 

• Signal reconstitution 

• Signal generators 

• Modems 

• Tracking filters 

• SCA receivers 

• FSK receivers 

• Wide band high linearity detectors 


BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Maximum operating voltage 

26 

V 

Input voltage 

1 

Vrms 

Storage temperature 

-65 to +150 

°C 

Operating temperature 

0 to +70 

°C 

Power dissipation 

300 

mW 


NOTE 

Limiting values above which serviceability may be impaired. 
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NE560-N 


GENERAL ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified.1 


PARAMETER 

TEST CONDITIONS 

NE560 

UNIT 

Min 

Typ 

Max 

Lowest practical operating frequency 



0.1 


Hz 

Maximum operating frequency 


15 

30 


MHz 

Supply current 


7 

9 

12 

mA 

Minimum input signal for lock 



100 


mV 

Dynamic range 



60 


dB 

VCO Temp. coefficient2 

Measured at 2MHz, with both inputs 






ac grounded. 


±0.06 

±0.12 

%/°C 

VCO Supply voltage regulation 

Measured at 2MHz 


±0.3 

±2 

%/V 

Input resistance 



2 


kn 

Input capacitance 



4 


pF 

dc level (pins 14 & 15) 


+10.6 

+12 

+13.4 

V 

Input dc level (pins 12 & 13) 


+2.8 

+4 

+6.2 

V 

Output dc level (pin 10) 


+12.5 


+17 

V 

(pin 9) 


+12 

' +14 

+16 

V 

Available output swing 



4 


Vp-p 

AM rejections 


30 

40 


dB 

De-emphasis resistance 

Measured at pin 9 (see Figure 1) 


8 

i_ 


kn 


NOTES 

1. 15Kn Pin 9 to GND; input Pin 12 or Pin 13 (ac ground unused input); optional controls 
not connected: V+ = 18V unless otherwise specified. 

2. Acceptance Test Sub Group C. 


ELECTRICAL CHARACTERISTICS FM Applications (see Figure 2) 

Ta = 25°C, V+ = 18V unless otherwise specified. 1 


PARAMETER 

TEST CONDITIONS 

NE560 

UNIT 

Min 

Typ 

Max 

10.7MHz OPERATION—DEVIATION 75kHz, SOURCE IMPEDANCE = 500 

Detection threshold 




120 

300 

mV 

Demodulated output amplitude 


ViN = ImVrms, modulation 

30 

60 


mV 



frequency 1kHz 





Distortions 


ViN = ImVrms, modulation 






frequency 1kHz 


0.3 

1 

%T.H.D. 

S + N 

Signal to noise ratio (-) 

N 


ViN ^ ImVrms, modulation 
frequency 1kHz 


35 


dB 

4.5MHz OPERATION— DEVIATION 

- 25kHz, SOURCE IMPEDANCE = 500 





Detection threshold 




120 

300 

mV 

Demodulation output amplitude 


ViN - ImVrms, modulation 

30 

60 


mV 



frequency 1kHz 





Distortions 


ViN ImVrms, modulation 






frequency 1kHz 


0.3 

1.0 

%T.H.D. 

Signal to noise ratio( -———-) 

N 

_ 

ViN = ImVrms, modulation 
frequency 1kHz 


35 


dB 

WIDE DEVIATION-AF/fo - 5%, fo = 

4.5MHz, DEVIATION - 225kHz @ 1kHz MODULATION RATE 



Detection threshold 




1 

5 

mV 

Demodulated output 


ViN = 5mVrms 

0.2 

0.5 


Vrms 

Distortions 

Signal to noise ratio ( -■-■ - ) 

N 


V|N = 5mVrms 


0.8 


%T.H.D. 


ViN = 5mVrms 


50 


dB 
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NE560-N 


ELECTRICAL CHARACTERISTICS (Cont’d) Tracking Filter (see Figure 3) 

Ta ^ 25°C, V+ = 18V unless otherwise specified.1 


PARAMETER 

TEST CONDITIONS 

NE560 

UNIT 

Min 

Typ 

Max 




Tracking range 

ViN = SmVrms 

±5 

±15 


% of fo 

Minimum signal to sustain lock 

See typical performance characteristics 


0.8 


mVrms 

VCO Output impedance 

Measured with high impedance probe 


1 


kn 


with less than lOpF capacitance 





VCO Output swing 

with 100kHz sideband separation 

0.4 

0.6 


Vp-p 


and 3kHz low pass filter. 





VCO Output dc level 

Cl = .001 mF, Ri = son 


±6.5 


V 

Side band suppression 

Input = 1 mV peak for carrier and each sideband. 


35 


dB 


NOTES 

1. 15Kn Pin 9 to GND; input Pin 12 or 13 (AC ground unused input); optional controls not 
connected. 

2. Acceptance Test Sub Group C. 


TYPICAL PERFORMANCE CHARACTERISTICS 


MINIMUM INPUT SIGNAL AM REJECTION AS A FUNCTION OF 

AMPLITUDE NECESSARY TO MAINTAIN INPUT SIGNAL LEVEL 

LOCK AS A FUNCTION OF 
TEMPERATURE WITH 
f|N = fo = 2.0MHz 



THERMAL DRIFT OF VCO FREE 
RUNNING FREQUENCY (fo) 



TEMPERATURE (OQ) 


TYPICAL TRACKING RANGE AS A 
FUNCTION OF INPUT SIGNAL 


CHANGE OF FREE RUNNING 
OSCILLATOR FREQUENCY 
AS A FUNCTION OF 
FINE TUNING CURRENT 


CHANGE OF FREE RUNNING 
OSCILLATOR FREQUENCY 
AS A FUNCTION OF 
RANGE CONTROL CURRENT 



INPUT SIGNAL AMPLITUDE (mVrms) 



FINE TUNING CURRENT INTO PIN 6 



RANGE CONTROL CURRENT 
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NE560-N 


TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



EXTERNAL CONTROLS 

1. Loop Low Pass Filter (Pins 14 and 15) 

The equivalent circuit for the loop low- 
pass filter can be represented as; 



where Ra (6Kn) is the effective resistance 
seen looking into pin 14 or pin 15. 

The corresponding filter transfer charac¬ 
teristics are: 

V2 1 + S RiCi 

- (S) =- 

Vi 1 + S(Ri + Ra)Ci 

where S is the complex frequency vari¬ 
able. 

2. Loop Gain (Threshold) Control 

The overall phase locked loop gain can 
be reduced by connecting a feedback 
resistor, Rp, across the low-pass filter 
terminals, pins 14 and 15.This causes the 
loop gain and the detection sensitivity to 
decrease by a factor cx, (oc < 1 ) 

where: 

Rf 

2 Ra + Rf 

Reduction of loop gain may be desirable 
at high input signal levels (Vin > 30mV) 
and at high frequencies (fo > 5MHz) where 
excessively high loop gain may cause 
instability. 


3. Tracking Range Control (Pin 7) 

Any bias current, lb, Injected into the 
tracking range control reduces the track¬ 
ing range of the PLL by decreasing the 
output of the limiter. The variations of the 
tracking range and the center frequency, 
as a function of lb, are shown in the 
characteristic curves with lb defined pos¬ 
itive going Into the tracking range control 
terminal. This terminal is normally at a dc 
level of +0.6 volts and presents an Imped¬ 
ance of 600n. 

4. External Fine Tuning (Pin 6) 

Any bias current injected into the fine 
tuning terminal increases the frequency 
of oscillation, fo, as shown in the charac¬ 
teristic curves. This current is defined 
positive into the fine tuning terminal. This 
terminal is at a typical dc level of +1.3 
volts and has a dynamic impedance of 
lOOn to ground. 

5. Offset Adjustment (Pin 11) 

Application of a bias voltage to the offset 
adjustment terminal modifies the current 
in the output amplifier, setting the dc 
level at the output. The effect on the loop 
is to modify the relationship between the 
VCO free running frequency and the lock 
range, allowing the VCO free running 
frequency to be positioned at different 
points throughout the lock range. 

Nominally this terminal is at +4Vdc and 
has an input impedance of 3kn. The 
offset adjustment is optional. The char¬ 
acteristics specified correspond to oper¬ 
ation of the circuit with this terminal open 
circuited. 


6. De-emphasis Filter (Pin 10) 

The de-emphasis terminal is normally 
used when the PLL is used to demodulate 
frequency modulated audio signals. In 
this application, a capacitor from this 
terminal to ground provides the required 
de-emphasis. For other applications, this 
terminal may be used fen* band shaping 
the output signal. The 3dB bandwidth of 
the output amplifier (see Figure 2) Is 
related to the de-emphasis capacltor,CD, 
as: 

1 

fSdB -- 

2TrRD Cd 

where Rd is the 8000 ohm resistance seen 
looking into the de-emphasis terminal. 

When the PLL system is utilized for signal 
conditioning, and the loop error voltage 
is not utilized, the de-emphasis terminal 
should be ac grounded. 
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TEST CIRCUITS 


AM REJECTION 



Gi = FM Generator with fc = fo= 4MHz 
At = 40kHz 
fmod = 1 kHz 

G 2 = Audio Generator with fA = 400Hz 
Mr = Balanced Modulator Carrier Supplied by Gi, AM 
modulation provided by G 2 . 

Ai = son attenuator pad with signal level into pin 12 adjusted to ImVrms. 

Fi = 1kHz Bandpass filter, Q = 20 

F 2 = 400Hz Bandpass filter with Q = 50, with 1kHz trap. 

AMR = ^ in dB 
V2 

Vi and V 2 are rms voltmeter readings. 


FM DEMODULATION 


TRACKING FILTER 



OUTPUT 


f IN = 2MH2 



Cb = Bypass Capacitor 

Cc = Coupling Capacitors 

Cl = Low Pass Filter Capacitors 

Co = Frequency Determining Capacitor 

Td = De-emphasis time constant 

= (Cd) (8kn) 


Cc = Coupling Capacitors 

Cb = Bypass Capacitor 

Cl = Low Pass Filter Capacitor 

Co = VCO Frequency Set Capacitor 


Figure 2 


Figure 3 
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DESCRIPTION 

The NE561 Phase Locked Loop (PLL) is a 
monolithic signal conditioner, and demodu¬ 
lator system comprising a VCO, Phase 
Comparator, Amplifier and Low Pass Filter, 
interconnected as shown in the accompa¬ 
nying block diagram. The center frequency 
of the PLL is determined by the free running 
frequency (fo) of the VCO. This VCO fre¬ 
quency is set by an external capacitor and 
can be fine tuned by an optional poten¬ 
tiometer. The low pass filter, which deter¬ 
mines the capture characteristics of the 
loop is formed by the two capacitors and 
two resistors at the Phase Comparator 
output. 


PIN CONFIGURATION 



N PACKAGE 




DEMODULATED]— 
AM OUTPUtLL 


^v^ 

VCO TIMING]— 

capacitorLL 


i^LOW PASS LOOP FILTER 

VCO TiMiNcrr 
capacitorLL 


^LOW PASS LOOP FI LTER 

AM INPUTjT 


j^FM/RF INPUT HI 

VCO output{T 


^FM/RF INPUT Hy 

PINE TUNINg|T 


n]oFFSET ADJUSTMENT 

_ 


—IDE EMPHASIS TERMINAL 

RANGE CONTROL^ 


2£J(AUDI0 BANDSHAPING) 

_ 


—iDEMODULATED FM OUTPUT 

GROUND (V-)[T 


-iJlAN OPEN EMITTER) 


The PLL system has a set of self biased 
inputs which can be utilized in either a 
differential or single ended mode. The VCO 
output is available for signal conditioning, 
frequency synchronization, multiplication 
and division applications. Terminals are 
provided for optional external control of the 
tracking range, VCO frequency, and output 
dc level. An analog multiplier block is incor¬ 
porated into the PLL system to provide 
frequency selective synchronous AM detec¬ 
tion capability. 

The monolithic signal conditioner- 
demodulator system is useful over a wide 
range of frequencies from less than 1Hz to 
more than 15 MHz with an adjustable track¬ 
ing range of ±1% to ±15%. 


BLOCK DIAGRAM 



FEATURES 

• FM demodulation without tuned circuits 

• Synchronous AM detection 

• Narrow band pass to ±1% 

• Exact frequency duplication in high 
noise environment 

• Adjustable tracking range 

• Wide tracking range to ±15% 

• High linearity: 1% distortion max 

• Frequency multiplication and division 
through harmonic locking 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Maximum operating voltage 

26 

V 

Input voltage 

1 

Vrms 

Storage temperature 

-65 to +150 

°C 

Operating temperature 

0 to +70 


Power dissipation 

300 

mW 


APPLICATIONS 

• Tone decoders AM-FM-IF strips 

• Telemetry decoders data synchronizers 

• Signal reconstitution 

• Signal generators 

• Modems 

• Tracking filters 

• SCA receivers 

• FSK receivers 

• Wide bank high linearity detectors 

• Synchronous detectors 

• AM receiver 
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GENERAL ELECTRICAL CHARACTERISTICS 15ka pin 9 to GND; input pin 12 or pin 13 (AC ground unused 

input); optional controls not connected; Ta = 25°C, V+ = 18V 
unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE561 

UNIT 

Min 

Typ 

Max 

Lowest practical operating frequency 



0.1 


Hz 

Maximum operating frequency 


15 

30 


MHz 

Supply current 


8 

10 

13 

mA 

Minimum input signal for lock 



100 


mV 

Dynamic range 



60 


dB 

VCO Temp, coefficient^ 

Measured at 2MHz, with both inputs 






AC grounded 


±0.06 

±0.12 

%/°C 

VCO Supply voltage regulation 

Measured at 2MHz 


±0.3 

±2 

%/V 

Input resistance 



2 


kn 

Input capacitance 



4 


pF 

Input dc level 

Measured at pins 12 and 13 

+2.8 

+4 

+6.0 

V 


Measured at pins 14 and 15 

+10.6 

+12 

+13.4 

V 


Measured at pin 10 

+13 

+15 

+17 

V 

Output dc level 

Measured at pin 9 

+12 

+14 

+16 

V 

Available output swing 

Measured at pin 9 


4 


Vp-p 

AM rejection* 

See Figure 3 

30 

40 


dB 

De-emphasis resistance 



8 


kn 


‘NOTE 

Acceptance Test Sub Group C. 


ELECTRICAL CHARACTERISTICS (for tracking filter, Figure 1). 15kn pin 9 to GND; input pin 12 or pin 13 

(AC ground unused input); optional controls not connected; Ta = 25°C, 
V+ = 18V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE561 

UNIT 

Min 

Typ 

Max 

Tracking range 

Minimum signal to sustain lock 

ViN = 5mVrms 

±5 

±15 

0.8 


% of fo 

mVrms 

VCO Output impedance 

VCO Output swing 

VCO Output dc level 

Measured with high impedance 
probe with less than 10pF 
capacitance with ±100kHz 
side band separation and 

3kHz low pass filter. 

Cl = .001 mF, Ri =50n 

0.4 

1 

0.6 

+6.5 


kn 

Vp-p 

V 

Side band suppression 

lnput=1mV peak forcarrierand each side band 


35 


dB 
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ELECTRICAL CHARACTERISTICS (for FM applications, Figure 2) ISkOpin 9toGND; input pin 12 or 13 (AC ground 

unused input); optional controls not connected; Ta = 25°C, 

V+ = 18V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE561 

UNIT 

Min 

Typ 

Max 

10.7MHz OPERATION- 

DEVIATION = 75kHz, SOURCE IMPEDANCE =500 






Detection threshold 



120 

300 

mV 

Demodulated output amplitude 

ViN = ImVrms, modulation frequency 

30 

60 


mV 


1kHz 





Distortion’ 

ViN = ImVrms, modulation frequency 


.3 

1 

%T.H.D. 

Signal to noise ratio jyj 

1kHz 

ViN = ImVrms, modulation frequency 


35 


dB 

1kHz 





4.5MHz OPERATION- 

DEVIATION = 25kHz; SOURCE IMPEDANCE = 500 






Detection threshold 



120 

300 

mV 

Demodulation output amplitude 

V|N = ImVrms, modulation frequency 

30 

60 


mV 


1kHz 





Distortion’ 

ViN = ImVrms, modulation frequency 


0.3 

1.0 

%T.H.D. 

Signal to noise ratio (-^ ^) 

1kHz 

ViN = ImVrms, modulation frequency 


35 


dB 

1kHz 





WIDE DEVIATION— 

Af/fo = 5%, fo = 4.5MHz, DEVIATION = 

225kHz @ 1kHz MODULATION RATE 






Detection threshold 



1 

5 

mV 

Demodulated output 

ViN = SmVrms 

0.2 

0.5 


Vrms 

Distortion* S + N 

Signal to noise ratio ( ^ ) 

ViN = 5mVrms 


0.8 


%T.H.D. 

ViN = 5mVrms 


50 


dB 


^NOTE 


Acceptance Test Sub Group C. 


ELECTRICAL CHARACTERISTICS (for AM synchronous detector, Figure 4). 

15kn pin 9 to GND; input pin 12 or pin 13 
(AC ground unused input); 
optional controls not connected; Ta = 25° C; 
V+ = 18V unless otherwise specified. 


PARAMETER ^ 

NE561 

UNIT 

Min 

Typ 

Max 

Input impedance 


3 


kn 

Output impedance 


8 


ka 

Output dc level 

+10 

+14 

+17 

V 

AM conversion gain 

3 

12 


dB 

Out of band rejection 


30 


dB 

Distortion 


1 


%T.H.D. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


MINIMUM INPUT SIGNAL 
AMPLITUDE NECESSARY TO MAINTAIN 
LOCK AS A FUNCTION OF 
TEMPERATURE WITH 
fjn = to = 2.0MHz 



TEMPERATURE ( “C) 


AM REJECTION AS A FUNCTION 
OF INPUT SIGNAL LEVEL 



AM INPUT SIGNAL AMPLITUDE 


THERMAL DRIFT OF VCO FREE 
RUNNING FREQUENCY (fo) 















A 







1 

5 

Is 


_ ^ _ 






SJ 



u 

1 



I 



4 

m 








7^ 






Tr^ 



' 





’sTI 









_lJ 


1 _ 





-6 '-^- 1 -'- 1 -^'-'-^'-‘^-' 

0 10 20 30 40 50 60 70 

TEMPERATURE ( ’C) 


TYPICAL TRACKING RANGE AS 
A FUNCTION OF INPUT SIGNAL 



INPUT SIGNAL AMPLITUDE (mVrms) 


CHANGE OF FREE RUNNING 
OSCILLATOR FREQUENCY AS A 
FUNCTION OF RANGE CONTROL 
CURRENT 


CHANGE OF FREE RUNNING 
OSCILLATOR FREQUENCY AS 
A FUNCTION OF FINE TUNING 
CURRENT 



RANGE CONTROL CURRENT TUNING CURRENT INTO PIN 6 


FREE RUNNING OSCILLATOR NORMALIZED TRACKING RANGE 

FREQUENCY AS A FUNCTION OF AS A FUNCTION OF 

VCO TIMING CAPACITANCE RANGE CONTROL CURRENT 




RANGE CONTROL CURRENT 


16 
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EXTERNAL CONTROLS 

Loop Low Pass Filter (Pins 14 and 

15 ) 

The equivalent circuit for the loop low-pass 
filter can be represented as: 


.0-—o. 



where Ra (6Kn) Is the effective resistance 
seen looking into pin 14 or pin 15. 

The corresponding filter transfer character¬ 
istics are: 

^ (S) = I + S Ri Cl 
Vi 1 + S (Ri + Ra) Cl 

where S is the complex frequency variable. 

Loop Gain (Threshold) Control 

The overall phase lock loop gain can be 
reduced by connecting a feedback resistor, 
Rf across the low-pass filter terminals, pins 
14 and 15. This causes the loop gain and the 
detection sensitivity to decrease by a factor 
cc, (oc < 1 ), where: 

Rf 

2Ra + Rf 

Reduction of loop gain may be desirable at 
high input signal levels (Vin > 30mV) and at 
high frequencies (fo > 5MHz) where exces¬ 
sively high PLL loop gain may cause 
instability. 


Tracking Range Control (Pin 7) 

Any bias current, lb, injected into the track¬ 
ing range control, reduces the tracking 
range of the PLL by decreasing the output of 
the limiter. The variation of the tracking 
range and the center frequency, as a func¬ 
tion of lb, are shown in the characteristics 
curves with lb defined positive going Into 
the tracking range control terminal. This 
terminal is normally at a dc level of+0.6 volts 
and presents an impedance of 6000. 

External Fine Tuning (Pin 6) 

Any bias current injected Into the fine tun¬ 
ing terminal Increases the frequency of 
oscillation, fo, as shown in the characteris¬ 
tic curves. This current is defined positive 
into the fine tuning terminal. This terminal is 
at a typical dc level of +1.3 volts and has a 
dynamic impedance of 1000 to ground. 

Offset Adjustment (Pin 11) 

Application of a bias voltage to the offset 
adjustment terminal modifies the current in 
the output amplifier setting the dc level at 
the output. The effect on the loop is to 
modify the relationship between the VCO 
free running frequency and the lock range, 
allowing the VCO free running frequency to 
be positioned at different points throughout 
the lock range. 

Nominally this terminal is at +4Vdc and has 
an input impedance of 3kn. The offset ad¬ 
justment Is optional. The characteristics 
specified correspond to operafion of the 
circuit with this terminal open circuited. 


De-emphasis Filter (Pin 10) 

The de-emphasis terminal is normally used 
when the PLL is used to demodulate fre¬ 
quency modulated audio signals. In this 
application, a capacitor from this terminal to 
ground provides the required de-emphasis. 
For other applications, this terminal may be 
used for band shaping the output signal. 
The 3dB bandwidth of the output amplifier 
(see Figure 2) is related to the de-emphasis 
capacitor, Co, as: 

1 

“ 27rRD Cd 

where Rd is the 8000 ohm resistance seen 
looking into the de-emphasis terminal. 

When the PLL system is utilized for signal 
conditioning, and the loop error voltage is 
not utilized, the de-emphasis terminal 
should be AC grounded. 

AM Post-Detection Filter (Pin 1) 

The capacitor Cx connected between Pin 1 
and ground serves as low-pass filter for 
synchronous AM detection with a transfer 
characteristic, F 2 (S), given as: 


where Rx = 8kn is the resistance seen look¬ 
ing into Pin 1. 


TYPICAL TEST CIRCUITS 

TEST CIRCUIT FOR TRACKING FILTER 



Cc = Coupling capacitors 
Cb = Bypass capacitor 
Cl = Low pass filter capacitor 
Co = VCO frequency set capacitor 

Figure 1 


TEST CIRCUIT FOR FM DEMODULATION 



Cb = Bypass capacitor 
Cc = Coupling capacitors 
Cl = Low pass filter capacitors 
Co = Frequency determing capacitors 
Cx = AM post detection filter 

Figure 2 
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DESCRIPTION 

The NE562 Phase Locked Loop (PLL) is a 
monolithic signal conditioner and demodu¬ 
lator system comprising a VCO, phase com¬ 
parator, amplifier and low pass filter, inter¬ 
connected as shown in the accompanying 
block diagram. The center frequency of the 
PLL is determined by the free running fre¬ 
quency (fo) of the VCO. This VCO frequency 
is set by an external capacitor. The low pass 
filter, which determines the capture charac¬ 
teristics of the loop, is formed by 2 capaci¬ 
tors and 2 resistors at the phase comparator 
output. 

This PLL has 2 sets of differential inputs, 
one for the FM/RF input and one for the 
phase comparator local oscillator input. 
Both sets of inputs can be used in either a 
differential or single-ended mode. The 
FM/RF inputs to the comparator are self- 
biased. An internally regulated voltage 
source is provided to bias the phase com¬ 
parator local oscillator inputs. The VCO 
output, at high level and in differential form, 
is availablefor driving logic circuits in signal 
conditioning and synchronization, frequen¬ 
cy multiplication and division applications. 
Terminals are also provided fortheoptional 
extension of the tracking range. 

The monolithic signal conditioner- 
demodulator system is useful over a wide 
range of frequencies from less than 1Hz to 
more than 15MHz with an adjustable track¬ 
ing range of ±1% to ±15%. 

FEATURES 

• Frequency multiplication and division 

• Signal conditioning and side-band sup¬ 
pression 

• FM demoduiation without tuned circuits 

• Narrow bandpass to ±1% 

• Adjustabie tracking range to ±15% 

• Exact frequency dupiication in high 
noise environment 

• High linearity: 1% distortion maximum at 
1% deviation 


PIN CONFIGURATION 



N PACKAGE 


BIAS VOLTAGE [J 


^ POSITIVE SUPPLY 

PHASE COMP. [— 
INPUT #1 1— 


—1 PHASE COMP. 

±1 INPUT #2 

VCO OUTPUT #1 [7 


3 LOW-PASS FILTER 

VCO OUTPUT #2 [T 


LOW-PASS FILTER 

VCO TIMING CAP. [T 


^RF INPUT #2 

VCO TIMING CAP. (T 

RANGE CONTROL [T 
NEGATIVE SUPPLY [y 

(GND)l— 


^ RF INPUT #1 

DE-EMPHASIS 
"Tl (AUDIO 

BANDSHAPING) 

■71 FM OUTPUT 
—* (AN OPEN EMITTER) 





BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS (Limiting values above which serviceabili¬ 
ty may be impaired) 


PARAMETER 

RATING 

UNIT 

Maximum operating voltage 

30 

V 

Input voltage 

3 

Vrms 

Storage temperature 

-65 to ±150 

°C 

Operating temperature 

0 to ±70 

°C 

Power dissipation 

300 

mW 


APPLICATIONS 

• Frequency synthesizers 

• Data synchronizers 

• Signai conditioning 

• Tracking fiiters 

• Telemetry decoders 

• Modems 

• FM IF strips and demodulators 

• Tone decoders 

• FSK receivers 

• Wideband high iinearity FM demodula¬ 
tors 
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EQUIVALENT SCHEMATIC 



GENERAL ELECTRICAL CHARACTERISTICS 15,000 ohms pin 9 to ground; 12,000 ohms pins 3 and 4 to ground; 

pins 2 and 15 to pin 1 through 1,000 ohms; input to pin 11 or 12 
with unused input at AC ground; range control not connected; 

Ta = 25°C, V+ = 18 volts unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE562 

UNIT 

Min 

Typ 

Max 

Lowest practical operating frequency 




0.1 


Hz 

Maximum operating frequency 



15 

30 


MHz 

Supply current 



10 

12 

15 

mA 

Minimum input signal for lock 




200 


mV 

Dynamic range 




80 


dB 

VCO temp, coefficient* 

Measured at 

2MHz 


±0.06 

±0.15 

%/°C 

VCO supply voltage regulation 

Measured at 

2MHz 


±0.3 

±2 

%/V 

Input resistance 




2 


kn 

Input capacitance 




4 


pF 

Input DC level 

Measured at pins 

11 and 12 

+3 

+4 

+6 

V 

DC level 

Measured at pins 

13 and 14 

+11 

+13 

+16 

V 

Output DC level 

Measured at 

pin 9 

+10 

+12.5 

+15 

V 

Available output swing 

Measured at 

pin 9 


4 


Vp-p 

AM rejection* 



30 

40 


dB 

De-emphasis resistance 




8 


kn 

De-emphasis DC level 

Measured at 

pin 10 

+11 

+14 

+16 

V 

Bias reference 

Measured at 

pin 1 

+6.5 

+7.5 

+8.5 

V 


‘NOTE 

Acceptance test Sub Group C. 
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ELECTRICAL CHARACTERISTICS FOR FM APPLICATIONS 15,000 ohms pin 9 to ground; input to pin 11 or 

pin 12 (AC ground unused input); range control 
not connected; Ta = 25° C, V+ = 18 volts 
unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE562 

UNIT 

Min 

Typ 

Max 

10.7MHz OPERATION—DEVIATION = 75kHz, 
SOURCE IMPEDANCE = 500 






Detection tnreshold 

Demodulated output amplitude 

Distortion* ^ ^ ^ 

Signal to noise ratio (- — -) 

N 

ViN = ImVrms, modulation frequency 1kHz 
ViN = ImVrms, modulation frequency IkHz 
ViN = ImVrms, modulation frequency 1kHz 

30 

200 

70 

0.5 

35 

500 

mV 

mVrms 

%T.H.D. 

dB 

4.5MHz OPERATION—DEVIATION = 25kHz, 

SOURCE IMPEDANCE = 500 






Detection threshold 

Demodulated output amplitude 

Distortion* S + N 

Signal to noise ratio (———) 

N 

ViN = ImVrms, modulation frequency 1kHz 
ViN = ImVrms, modulation frequency 1kHz 
ViN = ImVrms, modulation frequency 1kHz 

30 

200 

60 

0.5 

35 

500 

mV 

mVrms 

%T.H.D. 

dB 

WIDE DEVIATION— Af/fo - 5%, INPUT = 4.5MHz, 
DEVIATION =225kHz @ 1 kHz MODULATION RATE 






Detection threshold 

Demodulated output 

Distortion* S + N 

Signal to noise ratio ( ) 

ViN = 5mVrms 

ViN = 5mVrms 

ViN = 5mVrms 

' 

0.3 

1 

1 

0.8 

50 

5 

mV 

mVrms 

%T.H.D. 

dB 


‘NOTE 

Acceptance test Sub Group C. 


ELECTRICAL CHARACTERISTICS FOR SIGNAL CONDITIONER AND FREQUENCY SYNTHESIS 
APPLICATIONS Input to pin 11 orpin 12; AC ground unused input; range control notconnected;TA = 25°C,V+= 18 volts 
unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

NE562 

UNIT 

Min 

Typ 

Max 

Tracking range 

200mVp-p square wave input 

±5 

±15 


% of fo 

Input resistance 



2 


kn 

Input capacitance 



4 


PF 

Input DC level 



4 


V 

VCO output impedance 



1.3 

2.5 

kn 

VCO output swing 


3 

4.5 


Vp-p 

VCO output DC level 



12 


V 

VCO signal/noise ratio 

Inputs at AC ground 


60 


dB 
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TYPICAL PERFORMANCE CHARACTERISTICS 


FREE RUNNING VOLTAGE 
CONTROLLED OSCILLATOR 
FREQUENCY AS A FUNCTION 
OF TIMING CAPACITANCE 


CHANGE OF FREE RUNNING 
OSCILLATOR FREQUENCY AS 
A FUNCTION OF 
RANGE CONTROL CURRENT 


THERMAL DRIFT OF FREE 
RUNNING FREQUENCY 
AS A FUNCTION OF TEMPERATURE 




J_I_I_I_I-1 

0 4mA 0 2mA 0 0.2mA 0 4mA 0.6mA 0 8mA 

RANGE CONTROL CURRENT 



NORMALIZED TRACKING RANGE 
AS A FUNCTION OF 
RANGE CONTROL CURRENT 


TYPICAL TRACKING RANGE 
AS A FUNCTION OF 
INPUT SIGNAL AMPLITUDE 


INPUT SIGNAL AMPLITUDE 
TO MAINTAIN LOCK AS A 
FUNCTION OF TEMPERATURE 
(f,N = fo = 2.0 MHz) 



RANGE CONTROL CURRENT 




562 PHASE LOCKED LOOP 
DEMODULATED OUTPUT SWING 
AS A FUNCTION OF % FM 
DEVIATION 


AM REJECTION 
AS A FUNCTION OF 
INPUT SIGNAL LEVEL 


CHANGE IN PHASE ANGLE 
fo RELATIVE TO fiN, 

AS A FUNCTION OF 
INPUT SIGNAL AMPLITUDE 



2 4 6 8 10 12 14 


PERCENT FREQUENCY DEVtATION (At/fg) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 



TEST CIRCUITS 


TEST CIRCUIT FOR FM 
DEMODULATION 


TEST CIRCUIT FOR SIGNAL 
CONDITIONER AND FREQUENCY 
SYNTHESIS APPLICATIONS 



Figure 1 


Cb = Bypass Capacitor 
Cc = Coupling Capacitor 
Cl = Low Pass Filter Capacitor 
Co = Frequency Capacitor Set 




+vcct 


6 16 14 13 

NE 562 

2 8 9 


I P 


VNfs 


- 

Cc 


N82ei ( - N) —i 


NOTE; Fanout to divide by N counter is one. 

Figure 2 


Cb = Bypass Capacitor 
Cc - Coupling Capacitor 
Cl - Low Pass Filter Capacitor 
Co = Frequency Capacitor Set 
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562 APPLICATIONS 
INFORMATION 

Bias Reference 

Pin 1 of the 562 is an internally regulated 
bias reference voltage supply which should 
be used as a source of bias current for the 
phase comparator input terminals, pins 2 
and 15. Biasing may be achieved as shown 
in Figure 3. 


15 1 2 



Figure 3 


Phase Comparator Loop Inputs 

The 562 has an open loop between the VCO 
and the phase comparator. Once biasing of 
the comparator is accomplished, as de¬ 
scribed in Bias Reference above, loop clo¬ 
sure can be accomplished by capacitive 
coupling between either one or both inputs 
of the phase comparator and the VCO out¬ 
put. A divider or counter may be enclosed in 
the loop at this point for frequency synthe¬ 
sis applications or a flip-flop may be used to 
ensure that the output waveform has a 50% 
duty cycle. If large signal swings, greater 
than 2 volts, are to be applied to the phase 
comparator inputs, a limiting resistor 
should be used in series with the coupling 
capacitors to ensure that the maximum 
input voltage rating is not exceeded. 

VCO Output 

Square wave VCO outputs of both polarities 
(0° and 180°) buffered by an amplifier are 
available at pins 3 and 4. For proper opera¬ 
tion of the buffer amplifier, pins3 and 4 must 
be returned to ground (or the negative sup¬ 
ply) through resistors, typically 12,000 
ohms. The value of these resistors may be 
reduced provided that total power dissipat¬ 
ed in the 562 does not exceed 300 milliwatts 
or the total average current in each emitter 
does not exceed 4mA. The output amplitude 
is typically 4.5 volts positive with respect to 
pin 8 (V+ = 12 volts). 

VCO Tuning 

Setting the free-running frequency of the 
VCO is accomplished easily with onetiming 
capacitor connected between pins 5 and 6. 
For the 562 Phase Locked Loop, fine tuning 
of the free-running frequency may be ac¬ 
complished in either or both of two ways. 
The first method uses a trimmer capacitor 
connected in parallel with the VCO timing 
capacitor. This is the simplest technique 
and requires the smallest number of extra 


components but at the lower frequencies 
may be difficult to implement. The second 
technique incorporates two resistors and a 
voltage source. The resistors are connected 
between each of the timing capacitor ter¬ 
minals and a voltage source as shown in 
Figure 4. 


R 



Figure 4 


The percent change in the VCO free- 
running frequency, fo, as a function of the 
voltage applied to point (A) is shown in the 
curves of Figure 5. Note that with this fine 
tuning technique, it is possible to increase 
the VCO free-running frequency to a value 
greater than possible with just a trimmer 
capacitor alone. A formula for the approxi¬ 
mation of the VCO frequency as a function 
of the voltage at point (A), the resistance 
values and the starting frequency, is given 
below: 

,=,„r 

L 1300R J 

The recommended resistance range of R is 
20,000 to 60,000 ohms. 



Loop Gain Characteristics 

The overall open loop gain of the 562 PLL 
can be expressed as: 

Ko = K 1 K 2 
where: 

Ko= total open loop gain 
Ki= phase comparator and amplifier 
conversion gain 
K 2 = VCO conversion gain 


The VCO conversion gain, K 2 , is the change 
of VCO frequency per unit of error voltage. 
In this particular design, it is numerically 
equal to the VCO frequency, i.e., 

K 2 = fo Hz/Volt 

K2=27rfo radians/Volt-second 

The phase comparator and amplifier con¬ 
version gain, Ki, is proportional to input 
signal amplitude for low input levels. Vs < 
40mVrms, and is constant and equal to 
about 1.5 volts/radian for higher ampli¬ 
tudes. Therefore, Ki can be approximated 
as: 

.04 Vs 

where 

Vs = input signal in mVrms. 


Signal Input 

The input structure is basically differential 
and may be used in this manner. Biasing is 
supplied to the input terminals from an 
internal regulated supply so signal inputs 
must be capacitively coupled. In most appli¬ 
cations where the input is single-ended, the 
unused input should be AC grounded. 

Demodulated Output 

Pin 9 is a low impedance output terminal for 
the loop error voltage. It is at this point that 
the demodulated FM output is obtained. 
When used, it must be biased by a resistor to 
ground (or negative supply), and the resistor 
value may be adjusted downward provided 
that the output current does not exceed 
5mA or the dissipation in the 562 does not 
exceed the absolute maximum ratings. 
When not used, pin 9 may be left open. 

De-emphasIs Filter 

The de-emphasis terminal, pin 10, is nor¬ 
mally utilized when the PLL is used to de¬ 
modulate frequency modulated audio sig¬ 
nals. In this application, a capacitor from 
this terminal to ground provides the re¬ 
quired de-emphasis. For other applications 
it may be used to shape the output re¬ 
sponse. The 3dB bandwidth of the output 
amplifier is related to the de-emphasis ca¬ 
pacitor, Cd, as: 

1 

" 27r Rd Cd 

where Rd is the 8000 ohms resistance seen 
looking into the de-emphasis terminal. 

When the PLL system is utilized for applica¬ 
tions not requiring the use of the output 
amplifier, pin 10 should be AC grounded. 
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562 APPLICATIONS 
INFORMATION (Gontd) 

Tracking Range Control (Pin 7) 

Any bias current, lb, injected into the track¬ 
ing range control, reduces the tracking 
range of the PLL by decreasing the output of 
the limiter. The variation of the tracking 
range and the center frequency, as a func¬ 
tion of lb, are shown in the characteristic 
curves with lb defined positive going into 
the tracking range control terminal. This 
terminal is normally at a DC level of +0.6 
volts and presents an impedance of 6000. 

Low Pass Filter 

In most applications, a loop low-pass filter 
should be connected between pins 13 and 
14 and ground. It is used to set the loop 
response time, controlling the capture 
range and the rejection of out-of-band 
information. Four filter configurations and 
theirtransferfunctions are shown in Figures 
6 through 9. For VCO operating frequencies 
below 5MHz, configurations shown in Fig¬ 
ures 6 and 7 may be used. At higher frequen¬ 
cies, configurations shown in Figures 8 and 
9 should be used to ensure loop stability. R 
is the internal resistance seen looking into 


the low pass filter terminals. Pins 13 and 14 
and is nominally 6000 ohms. 

Loop Gain (Threshold) Control 

The overall phase locked loop gain can be 
reduced by connecting a resistor, Rf, 
across the low-pass filter terminals, pins 13 
and 14. This causes the loop gain and the 
detection sensitivity to decrease by a factor 
a,ia< 1) where: 

Rf 

12,000+ Rf 


Reduction of loop gain may be desirable at 
operating frequencies greater than 5MHz 
because, at these frequencies, high loop 
gain may cause instability. 

Static Loop Phase-Error 

When the PLL is in lock, the VCO outputs 
have a nominal ±90° phase shift with re¬ 
spect to the input signal. Due to internal 
offsets, this nominal angle at perfect lock 
condition may shift a few degrees, typically 
±5°. 
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DESCRIPTION 

The NE564 is a versatile, high frequency 
Phase Locked Loop designed for operation 
up to 50MHz. As shown in the block dia¬ 
gram, the NE564 consists of a VCO, limiter, 
phase comparator, and post detection pro¬ 
cessor. 

APPLICATIONS 

• High speed modems 

• FSK receivers and transmitters 

• Frequency synthesizers 

• Signal generators 


FEATURES 

• Operation with single 5V supply 

• TTL compatible inputs and outputs 

• Operation to 50MHz 

• Operates as a modulator 

• External loop gain control 

• Reduced carrier feedthrough 

• No elaborate filtering needed in FSK ap¬ 
plications 


PIN CONFIGURATION 

N PACKAGE 



TYPICAL PERFORMANCE 
CHARACTERISTICS 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

V+ 

Supply voltage 


V 


Pin 1 

14 



Pin 10 

6 



Power dissipation 

400 

mW 

Ta 

Operating temperature 

0 to 70 

'’C 

'stg 

Storage temperature 

-65 to 150 

_1 

°C 


BLOCK DIAGRAM 



FUNCTIONAL DESCRIPTION 

The NE564 is a monolithic phase locked 
loop with a post detection processor. The 
use of Schottky clamped transistors and 
optimized device geometries extends the 
frequency of operation to SOMHz. In addi¬ 
tion to the classical PLL applications, the 
NE564 can be used as a modulator with a 
controllable frequency deviation. 

The output voltage of the PLL can be written 
as shown in the following equation: 


Equation 1 

(fin " fo) 

Vq- — - - 

f^vco 

Kvco= conversion gain of the VCO 
fjn = frequency of the input signal 
fo = free running frequency of the VCO 

The process of recovering FSK signals in¬ 
volves the conversion of the PLL output into 
digital, logic compatible signals. For high 
data rates, a considerable amount of carrier 
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DC ELECTRICAL CHARACTERISTICS v+ = 5V, Ta = 25°c unless otherwise specified 


PARAMETER 

TEST CONDITIONS 

LIMITS 

UNIT 

Min 

Typ 

Max 


Lock range 

Ta 25° C, I 2 = 400mA 

25 

40 


% 

fo 

Frequency of operation of VCO 


45 

50 


MHz 


Frequency drift with temperature 

Ta = 0°c to 70°C, fo = 5MHz 


400 

850 

ppm/°C 


Frequency change with supply voltage 

V+ = 4.5V to 5.5V 


3 

6 

%/V 


Demodulated output voltage 

± 1 % input deviation 

10 

14 


mVrms 



± 10% input deviation, fo = 5MHz 

100 

140 




Output voltage linearity 



3 


% 


Signal to noise ratio 



40 


dB 


AM rejection 



35 


dB 

'cc 

Supply current 

5V 


30 

40 

mA 

'lc 

Leakage current 

Pin 9 


1 

10 

ma 


Output current 

Pin 9 



6 

mA 

v+ 

Supply voltage 

Pin 1 

4.5 


12 

V 



Pin 10 

4.5 


5.5 



will be present at the output due to the 
the use of complicated filters, a comparator 
with hysterisis or Schmitt trigger is re¬ 
quired. With the conversion gain of the VCO 
fixed, the output voltage as given by Equa¬ 
tion 1 varies according to the frequency 
deviation of fjp from fo- Since this differs 
from system to system, it is necessary that 
the hysterisis of the Schmitt trigger be cap¬ 
able of being changed, so that it can be 
optimized for a particular system. This is 
accomplished in the 564 by varying the 
voltageatpin 15which results in a change of 
the hysterisis of the Schmitt trigger. 

For FSK signals, an important factor to be 
considered is the drift in the free running 
frequency of the VCO itself. If this changes 
dueto temperature, according to Equation 1 
it will lead to a change in the dc levels of the 
PLL output, and consequently to errors in 
the digital output signal. This is especially 
true for narrow band signals where the 
deviation in f jn itself may be less than the 
change in f o due to temperature. This effect 
can be eliminated if the dc or average value 
of the signal is retrieved and used as the 
reference to the comparator. In this manner, 
variations in the dc levels of the PLL output 
do not affect the FSK output. 

VCO Section 

Due to its inherent high frequency perfor¬ 
mance, an emitter coupled oscillator is used 
in the VCO. In the circuit, shown in the 
equivalent schematic, transistors Q 21 and 
Q 23 with current sources Q 25 -Q 26 form the 
basic oscillator. The free running frequency 


of the oscillator is shown in the following 
equation; 

Equation 2 

1 

16 RcC/ 

Pc ~ Pl 9 “ P20 

Cl = frequency setting external capacitor 

Variation of Vq changes the frequency of 
the oscillator. As indicated by Equation 2, 
the frequency of the oscillator has a nega¬ 
tive temperature coefficient due to the posi¬ 
tive temperature coefficient of the monolith¬ 
ic resistor. To compensate for this, a cu rrent 
Ir with negative temperature coefficient is 
introduced to achieve a low frequency drift 
with temperature. 

Phase Comparator Section 

The phase comparator consists of a double 
balanced modulator with a limiter amplifier 
to improve AM rejection. Schottky clamped 
vertical PNPs are used to obtain TTL level 
inputs. The loop gain can be varied chang¬ 
ing the current in Q 4 and Q 15 which effec¬ 
tively changes the gain of the differential 
amplifiers. This can be accomplished by 
introducing a current at pin 2 . 

Post Detection Processor 
Section 

The post detection processor consists of a 
unity gain transconductance amplifier and 
comparator. The amplifier can be used as a 
dc retriever for demodulation of FSK sig¬ 
nals, and as a post detection filter for linear 


FM demodulation. The comparator has ad¬ 
justable hysterisis so that phase jitter in the 
output signal can be eliminated. 

As shown in the equivalent schematic, the 
dc retriever is formed by the transconduct¬ 
ance amplifier Q 42 -Q 43 with a capacitor at 
the output (pin 14). This forms an integrator 
whose output voltage is shown in the follow¬ 
ing equation: 

Equation 3 



gm = transconductance of the amplifier 
^2 = capacitor at the output (pin 14) 

Vj|-j = signal voltage at amplifier input 

With proper selection of C 2 , the integrator 
time constant can be varied so that the 
output voltage is the dc or average value of 
the input signal for use in FSK, or as a post 
detection filter in linear demodulation. 

The comparator with hysterisis is made up 
of Q 49 -Q 50 with positive feedback being 
provided by Q 47 -Q 48 . The hysterisis is varied 
by changing the current in Q 52 with a result¬ 
ing variation in the loop gain of the compar¬ 
ator. This method of hysterisis control, 
which is a dc control, provides symmetric 
variation around the nominal value. 
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Design Formula 

Free running frequency of VCO is shown by 
the following equation: 

Equation 4 


The loop filter diagram shown is explained 
by the following equation: 

Equation 5 


1 


Rc 

Ci 


in Hz 


° 16 RcCi 

= toon 

= external cap in farads 


F(s) = 


1 


1 + SRC3 

R = Ri2 = Ri 3 = 1.3kn 


LOOP FILTER 



EQUIVALENT SCHEMATIC 
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DESCRIPTION 

The SE/NE565 Phase-Locked Loop (PLL) is 
a self-contained, adaptable filter and de¬ 
modulator for the frequency range from 
0.001 Hz to 500kHz. The circuit comprises a 
voltage-controlled oscillator of exceptional 
stability and linearity, a phase comparator, 
an amplifier and a low-pass filter as shown 
in the block diagram. The center frequency 
of the PLL is determined by the free-running 
frequency of the VCO; this frequency can be 
adjusted externally with a resistor or a ca¬ 
pacitor. The low-pass filter, which deter¬ 
mines the capture characteristics of the 
loop, is formed by an internal resistor and an 
external capacitor. 

FEATURES 

• Highly stable center frequency 
(200ppm/°C typ.) 

• Wide operating voltage range (±6 to ±12 
volts) 

• Highly linear demodulated output (0.2% 

»yp) 

• Center frequency programming by 
means of a resistor or capacitor, voitage 
or current 

• TTL and DTL compatible square-wave 
output; loop can be opened to insert 
digital frequency divider 

• Highly linear triangle wave output 

• Reference output for connection of com¬ 
parator in frequency discriminator 

• Bandwidth adjustable from < ±1% to 
> ±60% 

• Frequency adjustable over 10 to 1 range 
with same capacitor 

APPLICATIONS 

• Frequency shift keying 

• Modems 

• Telemetry receivers 

• Tone decoders 

• SCA receivers 

• Wideband FM discriminators 

• Data synchronizers 

• Tracking filters 

• Signal restoration 

• Frequency multiplication & division 


PIN CONFIGURATIONS 



BLOCK DIAGRAM 




EQUIVALENT SCHEMATIC 



ABSOLUTE MAXIMUM RATINGS Ta = 25° C unless otherwise specified. 


PARAMETER 

RATING 

UNIT 

Maximum operating voltage 

26 

V 

Input voltage 

3 

Vp-p 

Storage temperature 

-65 to ±150 

°c 

Operating temperature range 



NE565 

0 to ±70 

°c 

SE565 

-55 to ±125 

°c 

Power dissipation 

300 

mW 
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ELECTRICAL CHARACTERISTICS Ta = 25°C, Vcc = ±6V unless otherwise specified. 


PARAMETER 

TEST CONDITIONS 

SE565 

NE565 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

SUPPLY REQUIREMENTS 









Supply voltage 


±6 


±12 

±6 


±12 

V 

Supply current 



8 

12.5 


8 

12.5 

mA 

INPUT CHARACTERISTICS 









Input impedancei 


7 

10 


5 

10 


kn 

Input level required for 

fo = 50kHz, ±10% 

10 

1 


10 

1 


mVrms 

tracking 

frequency deviation 








VCO CHARACTERISTICS 









Center frequency 









Maximum value 

Ci = 2.7pF 

300 

500 



500 


kHz 

Distributions 

Distribution taken about 









fo= 50kHz, Ri = 5.0ka Ci = 1200pF 

-10 

0 

±10 

-30 

0 

±30 

% 

Drift with temperature 

fo = 50kHz 


200 

525 


300 


ppm/°C 

Drift with supply voltage 

fo = 50kHz, Vcc = ±6 to ±7 volts 


0.1 

1.0 


0.2 

1.5 

%/V 

Triangle wave 









Output voltage level 


1.9 

0 


1.9 

0 


V 

Amplitude 



2.4 

3 


2.4 

3 

Vp-p 

Linearity 



0.2 



0.5 


% 

Square wave 









Logical “1” output voltage 

fo = 50kHz 

±4.9 

±5.2 


±4.9 

±5.2 


V 

Logical “0” output voltage 

fo = 50kHz 


-0.2 

±0.2 


-0.2 

±0.2 

V 

Duty cycle 

fo = 50kHz 

45 

50 

55 

40 

50 

60 

% 

Rise time 



20 

100 


20 


ns 

Fall time 



50 

200 


50 


ns 

Output current (sink) 


0.6 

1 


0.6 

1 


mA 

Output current (source) 


5 

10 


5 

10 


mA 

DEMODULATED OUTPUT CHARACTERISTICS 









Output voltage level 

Measured at pin 7 

4.25 

4.5 

4.75 

4.0 

4.5 

5.0 

V 

Maximum voltage swings 



2 



2 


Vp-p 

Output voltage swing 

±10% frequency deviation 

250 

300 


200 

300 


mVp-p 

Total harmonic distortion 



0.2 

0.75 


0.4 

1.5 

% 

Output impedance^ 



3.6 



3.6 


kn 

Offset voltage (V6-V7) 



30 

100 


50 

200 

mV 

Offset voltage vs temperature (drift) 

J 


50 



100 


mV/°C 

AM rejection 

1 

_i 

30 

40 

_1 

_1 

40 


dB 


NOTES 

1. Both input terminals (pins 2 and 3) must receive identical dc bias. This bias may range 
from 0 volts to -4 volts. 

2. The external resistance for frequency adjustment (R1) must have a value between 2kn 
and 20kfi. 

3. Output voltage swings negative as input frequency increases. 

4. Output not buffered. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


NE/SE565~F,K,N 


POWER SUPPLY CURRENT VCO CONVERSION GAIN 

AS A FUNCTION OF 
SUPPLY VOLTAGE 


LOCK RANGE 
AS A FUNCTION OF 
INPUT VOLTAGE 



LOCK RANGE 
AS A FUNCTION OF 
GAIN SETTING RESISTANCE 
(PIN 6-7) 



RELATIVE FREE RUNNING FREQUENCY, fo 



(V10-V7) 

CHANGE IN FREE-RNNING 
VCO FREQUENCY AS A 
FUNCTION OF TEMPERATURE 



TEMPERATURE-C* 



VCO OUTPUT 
WAVEFORM 



DESIGN FORMULAS 
(See Figure 1) 

1.2 

Free-running frequency of VCO: fo-- -in Hz 

4 R 1 C 1 

8fo 

Lock-range: fL= ±-in Hz 

Vcc 

1 

Capture-range: fc - ± — 

27r 

Where r = (3.6X103) X C 2 

TYPICAL APPLICATIONS 
FM Demodulation 

The 565 Phase Locked Loop is a general 
purpose circuit designed for highly linear 
FM demodulation. During lock, the average 
dc level of the phase comparator output 
signal is directly proportional to the fre¬ 
quency of the input signal. As the input 
frequency shifts, it is this output signal 
which causes the VCO to shift its frequency 
to match that of the input. Consequently, 
the linearity of the phase comparator output 
with frequency is determined by the 
voltage-to-frequency transfer function of 
the VCO. 



Because of its unique and highly linear 
VCO, the 565 PLL can lock to and track an 
input signal over a very wide bandwidth 
(typically ±60%) with very high linearity 
(typically, within 0.5%). 


A typical connection diagram is shown in 
Figure 1. The VCO free-running frequency is 
given approximately by 
1.2 


fo 


and should be adjusted to be at 


4 R 1 C 1 

the center of the input signal frequency 
range. Cl can be any value, but R1 should 
be within the range of 2000 to 20,000 ohms 
with an optimum value on the order of 4000 
ohms. The source can be direct coupled if 
the dc resistances seen from pins 2 and 3 are 
equal and there is no dc voltage difference 
between the pins. A short between pins 4 
and 5 connects the VCO to the phase com¬ 
parator. Pin 6 provides a dc reference volt¬ 
age that is close to the dc potential of the 
demodulated output (pin 7). Thus, if a resist¬ 
ance is connected between pins 6 and 7, the 
gain of the output stage can be reduced with 
little change in the dc voltage level at the 
output. This allows the lock range to be 


decreased with little change in the free- 
running frequency. In this manner the lock 
range can be decreased from ±60% of fo to 
approximately ±20% of fo (at ±6V). 

A small capacitor (typically 0.001 ^xf) should 
be connected between pins 7 and 8 to elimi¬ 
nate possible oscillation in the control cur¬ 
rent source. 

A single-pole loop filter is formed by the 
capacitor C2, connected between pin 7 and 
the positive supply, and an Internal resist¬ 
ance of approximately 3600 ohms. 
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Frequency Shift Keying (FSK) 

FSK refers to data transmission by means of 
a carrier which is shifted between two preset 
frequencies. This frequency shift is usually 
accomplished by driving a VCO with the 
binary data signal so that the two resulting 
frequencies correspond to the “0” and “1” 
states (commonly called space and mark) of 
the binary data signal. 

A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270Hz is 
shown in Figure 2. As the signal appears at 
the input, the loop locks to the input fre¬ 
quency and tracks it between the two fre¬ 
quencies with a corresponding dc shift at 
the output. 

The loop filter capacitor C2 is chosen small¬ 
er than usual to eliminate overshoot on the 
output pulse, and a three-stage RC ladder 
filter is used to remove the carrier compo¬ 
nent from the output. The band edge of the 
ladder filter is chosen to be approximately 
half way between the maximum keying rate 
(in this case 300 baud or 150Hz) and twice 
the input frequency (approximately 
2200Hz). The output signal can now be 
made logic compatible by connecting a 
voltage comparator between the output and 
pin 6 of the loop. The free-running frequen¬ 
cy is adjusted with R1 so as to result in a 
slightly-positive voltage at the output with 
flN = 1070Hz. 

The input connection is typical for cases 
where a dc voltage is present at the source 
and therefore a direct connection is not 
desirable. Both input terminals are returned 
to ground with identical resistors (in this 
case, the values are chosen to effect a 600- 
ohm input impedance). 

Frequency Multiplication 

There are two methods by which frequency 
multiplication can be achieved using the 
565; 

1. Locking toaharmonicoftheinputsignal. 

2. Inclusion of a digital frequency divider or 
counter in the loop between the VCO and 
phase comparator. 

The first method is the simplest, and can be 
achieved by setting the free-running fre¬ 
quency of the VCO to a multiple of the input 
frequency. A limitation of this scheme is that 
the lock range decreases as successively 
higher and weaker harmonics are used for 
locking. If the input frequency is to be 
constant with little tracking required, the 
loop can generally be locked to any one of 
the first 5 harmonics. For higher orders of 
multiplication, or for cases where a large 
lock range is desired, the second scheme is 
more desirable. An example ofthis might be 


COMPARATOR FILTER AMPLIFIER 



Figure 3 


a case where the input signal varies over a 
wide frequency range and a large multiple 
of the input frequency is required. 

A block diagram of the second scheme is 
shown in Figure 3. Here the loop is broken 
between the VCO and the phase compara¬ 
tor, and a frequency divider is inserted. The 
fundamental of the divided VCO frequency 
is locked to the input frequency in this case, 
so that the VCO is actually running at a 
multiple of the Input frequency. The amount 
of multiplication is determined by the fre¬ 
quency divider. A typical connection 
scheme is shown in Figure 4. To set up the 
circuit, the frequency limits of the input 
signal must be determined. The free- 
running frequency of the VCO is then ad¬ 
justed by means of R1 and Cl (as discussed 
under FM demodulation) so that the output 
frequency of the divider is midway between 
the input frequency limits. The filter capaci¬ 
tor, C2, should be large enough to eliminate 
variations in the demodulated output volt¬ 
age (at pin 7), in order to stabilize the VCO 
frequency. The output can now be taken as 
the VCO squarewave output, and its funda¬ 
mental will be the desired multiple of the 
input frequency (fiN) as long as the loop is in 
lock. 

SCA (Background Music) Decoder 

Some FM stations are authorized by the 
FCC to broadcast uninterrupted back¬ 
ground music for commerical use. To do 
this a frequency modulated subcarrier of 
67kHz is used. The frequency Is chosen so 



Figure 4 


as not to interfere with the normal stereo or 
monaural program; in addition, the level of 
the subcarrier is only 10% of the amplitude 
of the combined signal. 

The SCA signal can be filtered out and 
demodulated with the NE565 Phase Locked 
Loop without the use of any resonant cir¬ 
cuits. A connection diagram is shown in 
Figure 5. This circuit also serves as an 
example of operation from a single power 
supply. 

A resistive voltage divider is used to estab¬ 
lish a bias voltage for the input (pins 2 and 
3). The demodulated (multiplex) FM signal is 
fed to the input through a two-stage high- 
pass filter, both to effect capacitive coupling 
and to attenuate the strong signal of the 
regular channel. A total signal amplitude, 
between 80mV and 300mV, is required at the 
input. Its source should have an Impedance 
of less than 10,000 ohms. 

The Phase Locked Loop is tuned to 67kHz 
with a 5000 ohm potentiometer; only ap¬ 
proximate tuning is required, since the loop 
will seek the signal. 

The demodulated output (pin 7) passes 
through a three-stage low-pass filter to 
provide de-emphasis and attenuate the 
high-frequency noise which often accom¬ 
panies SCA transmission. Note that no ca¬ 
pacitor is provided directly at pin 7; thus, the 
circuit is operating as a first-order loop. The 
demodulated output signal is in the order of 
50mV and the frequency response extends 
to 7kHz. 
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FEATURES PIN CONFIGURATIONS 

• Wide range of operating voltage (up to 24 
volts) 

• High linearity of modulation 

• Highly stable center frequency (200 
ppm/°C typical) 

• Highly linear triangle wave output 

• Frequency programming by means of a 
resistor or capacitor, voltage or current 

• Frequency adjustable over 10 to 1 range 
with same capacitor 

APPLICATIONS 

• Tone generators 

• Frequency shift keying 

• FM modulators 

• Clock generators 

• Signal generators 

• Function generators 

BLOCK DIAGRAM 


EQUIVALENT SCHEMATIC 



GROUND 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Maximum operating voltage 

26 

V 

Input voltage 

3 

Vp-p 

Storage temperature 

-65 to +150 


Operating temperature range 

NE566 

0 to +70 


SE566 

-55 to +125 

°c 

Power dissipation 

300 

mW 




DESCRIPTION 

The SE/NE566 Function Generator is a 
voltage controlled oscillator of exceptional 
linearity with buffered square wave and 
triangle wave outputs.The frequency of os¬ 
cillation is determined by an external resis¬ 
tor and capacitor and the voltage applied to 
the control terminal. The oscillator can be 
programmed over a ten to one frequency 
range by proper selection of an external 
resistance and modulated over a ten to one 
range by the control voltage, with excep¬ 
tional linearity. 
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ELECTRICAL CHARACTERISTICS Ta = 25°C; Vcc = 12V unless otherwise specified. 


PARAMETER 

SE566 

NE566 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

GENERAL 








Operating temperature range 

-55 


125 

0 


70 

°c 

Operating supply voltage 



24 



24 

V 

Operating supply current 


7 

12.5 


7 

12.5 

mA 

VC01 








Maximum operating frequency 


1 



1 


MHz 

Frequency drift with temperature 


200 



300 


ppm/°C 

Frequency drift with supply voltage 


1 



2 


%/V 

Control terminal input impedance2 


1 



1 


Mn 

FM distortion (±10% deviation) 


0.2 

0.75 


0.4 

1.5 

% 

Maximum sweep rate 


1 



1 


MHz 

Sweep range 


10:1 



10:1 



OUTPUT 








Triangle wave output 








Impedance 


50 



50 


a 

Voltage 

1.9 

2.4 


1.9 

2.4 


Vpp 

Linearity 


0.2 



0.5 


% 

Square wave input 








Impedance 


50 



50 


n 

Voltage 

5 

5.4 


5 

5.4 


Vpp 

Duty Cycle 

45 

50 

55 

40 

50 

60 

% 

Rise time 


20 



20 


ns 

Fall Time 


50 



50 


ns 


NOTES 


1. The external resistance for frequency adjustment (Ri) must have a value between 2kn 
and 20Kn. 

2. The bias voltage (Vc) applied to the control terminal (pin 5) should be in the range 
3/4V+ < Vc < 


TYPICAL PERFORMANCE CHARACTERISTICS 


NORMALIZED FREQUENCY AS A 
FUNCTION OF CONTROL VOLTAGE 



CONTROL VOLTAGE (BETWEEN FIN 6 AND PIN S> - VOLTS 


NORMALIZED FREQUENCY AS A 
FUNCTION OF RESISTANCE (RI) 



MORMALUED FREQUENCY 


CHANGE IN FREQUENCY AS A 
FUNCTION OF TEMPERATURE 





TEMPERATURE -('C ) 


592 


signotics 





















NE/SE566-F,N,T 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont d) 



OPERATING INSTRUCTIONS 

The SE/NE566 Function Generator is a 
general purpose voltage controlled oscilla¬ 
tor designed for highly linear frequency 
modulation. The circuit provides simul¬ 
taneous square wave and triangle wave 
outputs at frequencies up to 1 MHz. A typical 
connection diagram is shown in Figure 1. 
The control terminal (pin 5) must be biased 
externally with a voltage (Vc) in the range 

3/4 V^< Vc<v^ 

where Vcc is the total supply voltage. In 
Figure 1, the control voltage is set by the 
voltage divider formed with R 2 and R 3 . The 
modulating signal is then ac coupled with 


the capacitor C 2 . The modulating signal can 
be direct coupled as well, If the appropriate 
dc bias voltage is applied to the control 
terminal. The frequency is given approxi¬ 
mately by 

2[(V') - (Vc)] 

fn — -1- 

^ RiCiV^ 

and Ri should be In the range 2kn < Ri < 

20 kn. 

A small capacitor (typically 0.001 )uf) should 
be connected between pins 5 and 6 to elimi¬ 
nate possible oscillation In the control cur¬ 
rent source. 

If the VCO is to be used to drive standard 


logic circuitry, it may be desirable to use a 
dual supply of ±5 volts as shown in Figure 2. 
In this case the square wave output has the 
proper dc levels for logic circuitry. RTL can 
be driven directly from pin 3. For DTL orT2L 
gates, which require a current sink of more 
than 1 mA, it is usually necessary to connect 
a 5kn resistor between pin 3 and negative 
supply. This increases the current sinking 
capability to 2mA. The third type of inter¬ 
face shown uses a saturated transistor be¬ 
tween the 566 and the logic circuitry. This 
scheme is used primarily for T2L circuitry 
which requires a fast fall time (<50ns) and a 
large current sinking capability. 



FIGURE 1 


+5 VOLTS 



FIGURE 2 
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DESCRIPTION 

The SE/NE567 tone and frequency decoder 
is a highly stable phase-locked loop with 
synchronous AM lock detection and power 
output circuitry. Its primary function is to 
drive a load whenever a sustained frequen¬ 
cy within its detection band is present at the 
self-biased input. The bandwidth center 
frequency, and output delay are independ¬ 
ently determined by means of four external 
components. 


FEATURES 

• Wide frequency range (.01Hz to 500kHz) 

• High stabiiity of center frequency 

• independently controllable bandwidth 
(up to 14 percent) 

• High out-band signal and noise rejection 

• Logic-compatible output with 100mA 
current sinking capability 

• Inherent immunity to false signals 

• Frequency adjustment over a 20 to 1 
range with an external resistor 

• Military processing available 


APPLICATIONS 

• Touch Tone® decoding 

• Carrier current remote controls 

• Ultrasonic controls (remote TV, etc.) 

• Communications paging 

• Frequency monitoring and control 

• Wireless intercom 

• Precision oscillator 

BLOCK DIAGRAM 



PIN CONFIGURATIONS 


F PACKAGE 

OUTPUT [T 


“iTI GND 

C3 {T 


I3] NC 

NC [T 


IFI NC 

C2 [T 


Til R1C1 

INPUT [5^ 


d] 

NC [F 


T\ NC 

vcc d 


~8l NC 



ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

— 

RATING 

UNIT 

Operating temperature 



NE567 

0 to +70 

°C 

SE567 

-55 to +125 

°c 

Operating voltage 

10 

V 

Positive voltage at input 

0.5 + Vs 

V 

Negative voltage at input 

-10 

Vdc 

Output voltage (collector 

15 

Vdc 

of output transistor) 



Storage temperature 

-65 to+150 

°C 

Power dissipation 

300 

mW 
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DC ELECTRICAL CHARACTERISTICS (V+ = 5.0V; Ta = 25°C unless otherwise specified.) 


PARAMETER 

TEST CONDITIONS 

SE567 

NE567 

UNIT 

Min 

Typ 

Max 

Min 

Typ 

Max 

CENTER FREQUENCY1 









Highest center frequency (fp) 


100 

500 


100 

500 


kHz 

Center frequency stability2 

-55 to +125°C 


35±140 



35±140 


ppm/°C 


0 to +70° C 


35±60 



35±60 


ppm/°C 

Center frequency shift with supply voltage 

fo = 100kHz 


0.5 

1 


0.7 

2 

%/V 

DETECTION BANDWIDTH 









Largest detection bandwidth 

fo = 100kHz 

12 

14 

16 

10 

14 

18 

% of fo 

Largest detection bandwidth skew 



1 

2 


2 

3 

% of fo 

Largest detection bandwidth— 

Vi = aOOmVrms 


±0.1 



±0.1 


%/°C 

variation with temperature 









Largest detection bandwidth— 

Vi = aOOmVrms 


±2 



±2 


%/V 

variation with supply voltage 









INPUT 









Input resistance 



20 



20 


kn 

Smallest detectable input voltage (Vj) 

II = 100mA, fi = fo 


20 

25 


20 

25 

mVrms 

Largest no-output input voltage 

Il= 100mA, fi = fo 

10 

15 


10 

15 


mVrms 

Greatest simultaneous outband 



+6 



+6 


dB 

signal to inband signal ratio 









Minimum input signal to wideband 

Bn = 140kHz 


-6 



-6 


dB 

noise ratio 









OUTPUT 









Fastest on-off cycling rate 



fo/20 



fo/20 



“1” output leakage current 



0.01 

25 


0.01 

25 

A 

“0” output voltage 

II = 30mA 


0.2 

0.4 


0.2 

0.4 

V 


Il = 100mA 


0.6 

1.0 


0.6 

1.0 

V 

Output fall time3 

Rl = 5on 


30 



30 


ns 

Output rise time3 

Rl = son 


150 



150 


ns 

GENERAL 









Operating voltage range 


4.75 


9.0 

4.75 


9.0 

V 

Supply current quiescent 



6 

8 


7 

10 

mA 

Supply current—activated 

Rl = 20 kn 


11 

13 


12 

15 

mA 

Quiescent power dissipation 



30 



35 


mW 


NOTES 

1. Frequency determining resistor Ri should be between 1 and 20ka. 

2. Applicable over 4.75 to 5.75 volts. See graphs for more detailed information. 

3. Pin 8 to Pin 1 feedback Rl network selected to eliminate pulsing during turn-on and 
turn-off. 


TYPICAL PERFORMANCE CHARACTERISTICS 


BANDWIDTH vs INPUT 
SIGNAL AMPLITUDE 



2 4 6 S 10 12 14 16 


LARGEST DETECTION 
BANDWIDTH vs 
OPERATING FREQUENCY 



DETECTION BANDWIDTH AS 
A FUNCTION OF C 2 and C 3 



BANDWIDTH OF fo 


CENTER FREQUENCY (kHz) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Contd) 


TYPICAL SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


GREATEST NUMBER OF CYCLES 
BEFORE OUTPUT 


TYPICAL OUTPUT VOLTAGE 
vs TEMPERATURE 
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TYPICAL FREQUENCY DRIFT 
WITH TEMPERATURE 
(MEAN AND S.D.) 



4.76 VO 
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F 
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TYPICAL FREQUENCY DRIFT 
WITH TEMPERATURE 
(MEAN AND S.D.) 


”7 

77] 

7” 







I 
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TYPICAL FREQUENCY DRIFT 
WITH TEMPERATURE 
(MEAN AND S.D.) 


b 





■‘V ‘ 7 0 VOLTS 111 
♦ V » 9 0 VOLTS (2) 









(II - 

- 











1 

Vs 

















r 


CENTER FREQUENCY 
TEMPERATURE COEFFICIENT 
(MEAN AND S.D.) 


3 

33 

^v. 










3 


s 






















N 

























_J 

,t = 0°T 

1_1 

O70°C 

1_1 

i_ 






J 

□ 

d 

d 

□ 




3 



CENTER FREQUENCY 
SHIFT WITH SUPPLY 
VOLTAGE CHANGE vs 
OPERATING FREQUENCY 


TYPICAL BANDWIDTH VARIATION 
WITH TEMPERATURE 
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DESIGN FORMULAS 



BW 1070 -TPr- in % of fo, Vi < 200mVrms 
V foC2 


Where 


Vi = Input Voltage (Vrms) 

C 2 = Low-Pass Filter Capacitor ifj,F) 


PHASE LOCKED LOOP 
TERMINOLOGY CENTER 
FREQUENCY (fo) 

The free-running frequency of the current 
controlled oscillator (CCO) in the absence 
of an input signal. 

Detection Bandwidth (BW) 

The frequency range, centered about fo, 
within which an input signal above the 
threshold voltage (typically 20mVrms) will 
cause a logical zero state on the output. The 
detection bandwidth corresponds to the 
loop capture range. 

Lock Range 

The largest frequency range within which 
an input signal above the threshold voltage 
will hold a logical zero state on the output. 

Detection Band Skew 

A measure of how well the detection band is 
centered about the center frequency, fo. The 
skew is defined as (fmax + fmin-2fo)/2fo 
where fmax and fmin are the frequencies 
corresponding to the edges of the detection 
band. The skew can be reduced to zero if 
necessary by means of an optional center¬ 
ing adjustment. 

OPERATING INSTRUCTIONS 

Figure 1 shows a typical connection dia¬ 
gram for the 567. For most applications, the 
following three-step procedure will be 
sufficient for choosing the external compo¬ 
nents Ri, Cl, C 2 and C 3 . 

1. Select Ri and Ci for the desired center 
frequency. For best temperature stability, 
Ri should be between 2K and 20K ohm, and 
the combined temperature coefficient of the 
R 1 C 1 product should have sufficient stabili¬ 
ty over the projected temperature range to 
meet the necessary requirements. 

2. Select the low pass capacitor, C 2 , by 
referring to the Bandwidth versus Input 
Signal Amplitude graph. If the input ampli¬ 
tude variation is known, the appropriate 
value of foC 2 necessary to give the desired 
bandwidth may be found. Conversely, an 
area of operation may be selected on this 
graph and the input level and C 2 may be 
adjusted accordingly. For example, con- 



Response to 100m Vrms tone burst. 
Rl= 100 ohms. 



Response to same input tone burst 
with wideband noise. 

^=-6db Rl = 100 ohms 

N Noise Bandwidth = 140Hz 


stant bandwidth operation requires that 
input amplitude be above 200mVrms. The 
bandwidth, as noted on the graph, is then 
controlled solely by the foC 2 product (fo 
(Hz),C2(iufcl)). 

3. The value of C 3 is generally non-critical. 
C 3 sets the band edge of a low pass filter 
which attenuates frequencies outside the 
detection band to elminate spurious out¬ 
puts. If C 3 is too small, frequencies just 
outside the detection band will switch the 
output stage on and off at the beat frequen¬ 
cy, or the output may pulse on and off 
during the turn-on transient. If C 3 is too 
large, turn-on and turn-off of the output 
stage will be delayed until the voltage on C 3 
passes the threshold voltage. (Such delay 
may be desirable to avoid spurious outputs 
due to transient frequencies.) A typical 
minimum value for C 3 is 2 C 2 . 

AVAILABLE OUTPUTS (Figure 2) 
The primary output is the uncommitted 
output transistor collector, pin 8. When an 
in-band input signal Is present, this transis¬ 
tor saturates: its collector voltage being less 
than 1.0 volt (typically 0.6V) at full output 
current (100mA). The voltage at pin 2 is the 
phase detector output which is a linear 
function of frequency over the range of 0.95 
to 1.05 fo with a slope of about 20mV per 
percent of frequency deviation. The average 
voltage at pin 1 is, during lock, a function of 
the inband input amplitude in accordance 
with the transfer characteristic given. Pin 5 
is the controlled oscillator square wave 



output of magnitude (+V -2Vbe) == (+V -1 .4V) 
having a dc average of +V/2. A1 kn load may 
be driven from pin 5. Pin 6 is an exponential 
triangle of 1 volt peak-to-peak with an 
average dc level of -fV/2. Only high imped¬ 
ance loads may be connected to pin 6 
without affecting the CCO duty cycle or 
temperature stability. 

OPERATING PRECAUTIONS 

A brief review of the following precautions 
will help the user achieve the high level of 
performance of which the 567 is capable. 

1. Operation in the high input level mode 
(above 200mV) will free the user from 
bandwidth variations due to changes In the 
in-band signal amplitude. The input stage is 
now limiting, however, so that out-band 
signals or high noise levels can cause an 
apparent bandwidth reduction as the in- 
band signal is suppressed. Also, the limiting 
action will create In-band components from 
sub-harmonic signals, so the 567 becomes 
sensitive to signals at fo/3, fo/5, etc. 

2. The 567 will lock onto signals near (2n + 
1) fo, and will give an output for signals near 
(4n + 1) fo where n = 0,1,2, etc. Thus, signals 
at 5fo and 9fo can cause an unwanted 
output. If such signals are anticipated, they 
should be attenuated before reaching the 
567 input. 

3. Maximum immunity from noise and out- 
band signals is afforded in the low input 
level (below 200mVrms) and reduced band¬ 
width operating mode. However, decreased 
loop damping causes the worse-case lock¬ 
up time to increase, as shown by the 
Greatest Number of Cycles Before Output 
vs Bandwidth graph. 

4. Due to the high switching speeds (20ns) 
associated with 567 operation, care should 
be taken in lead routing. Lead lengths 
should be kept to a minimum. The power 
supply should be adequately bypassed 
close to the 567 with a 0.01 juF or greater 
capacitor: grounding paths should be 
carefully chosen to avoid ground loops and 
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unwanted voltage variations. Another factor 
which must be considered is the effect of 
load energization on the power supply. For 
example, an incandescent lamp typically 
draws 10 times rated current at turn-on. This 
can cause supply voltage fluctuations 
which could, for example, shift the detec¬ 
tion band of narrow-band syste.ms suffi¬ 
ciently to cause momentary loss of lock. 
The result is a low-frequency oscillation 
into and out of lock. Such effects can be 
prevented by supplying heavy load currents 
from a separate supply or increasing the 
supply filter capacitor. 


SPEED OF OPERATION 

Minimum lock-up time is related to the 
natural frequency of the loop. The lower it 
is, the longer becomes the turn-on tran¬ 
sient. Thus, maximum operating speed is 
obtained when C 2 is at a minimum. When 
the signal is first applied, the phase may be 
such as to initially drive the controlled 
oscillator away form the incoming frequen¬ 
cy rather than toward it. Under this condi¬ 
tion, which is of course unpredictable, the 
lock-up transient is at its worst and the 
theoretical minimum lock-up time is not 
achievable. We must simply wait for the 
transient to die out. 

The following expressions give the values of 
C 2 and C 3 which allow highest operating 
speeds for various band center frequencies. 
The minimum rate at which digital informa¬ 
tion may be detected without information 
loss due to the turn-on transient or output 
chatter is about 10 cycles per bit, corre¬ 
sponding to an information transfer rate of 
fo/10 baud. 


juF 


In cases where turn-off time can be sacri¬ 
ficed to achieve fast turn-on, the optional 
sensitivity adjustment circuit can be used to 
move the quiescent C 3 voltage lower (closer 
to the threshold voltage). However, sensitiv¬ 
ity to beat frequencies, noise and extrane¬ 
ous signals will be increased. 




OPTIONAL CONTROLS (Figure 3) 

The 567 has been designed so that, for most 
applications, no external adjustments are 
required. Certain applications, however, 
will be greatly facilitated if full advantage is 


taken of the added control possibilities 
available through the use of additional ex¬ 
ternal components. In the diagrams given, 
typical values are suggested where appli¬ 
cable. For best results the resistors used, 
except where noted, should have the same 


temperature coefficient. Ideally, silicon di¬ 
odes would be low-resistivity types, such 
as forward-biased transistor base-emmiter 
junctions. However, ordinary low-voltage 
diodes should be adequate for most appli¬ 
cations. 
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Figure 4 



Rl 






567 2 



567 2 


:: 

-C2 


LOWERS fo 


r 

RAISES fo 



+v 

0_ 




SILICON 
^ DIODES 
Y FOR 

TEMPERATURE 
J COMPENSATION 
(OPTIONAL) 


Figure 5 


SENSITIVITY ADJUSTMENT 

(Figure 3) 

When operated as a very narrow band de¬ 
tector (less than 8 percent), both C 2 and C 3 
are made quite large in order to improve 
noise and outband signal rejection. This will 
inevitably slow the response time. If, how¬ 
ever, the output stage is biased closer to the 
threshold level, the turn-on time can be 
improved. This is accomplished by drawing 
additional current to terminal 1. Under this 
condition, the 567 will also give an output 
for lower-level signals dOmV or lower). 

By adding current to terminal 1, the output 
stage is biased further away from the 
threshold voltage. This Is most useful when, 
to obtain maximum operating speed, C 2 and 
C 3 are made very small. Normally, frequen¬ 
cies just outside the detection band could 
cause false outputs underthis condition. By 
desensitizing the output stage, the outband 
beat notes do not feed through to the output 
stage. Since the input level must be some¬ 
what greater when the output stage is made 
less sensitive, rejection of third harmonics 
or in-band harmonics (of lower frequency 
signals) Is also Improved. 

CHATTER PREVENTION (Figure 4) 
Chatter occurs in the output stage when C 3 
is relatively small, so that the lock transient 
and the AC components at the quadrature 
phase detector (lock detector) output cause 
the output stage to move through its thresh¬ 
old more than once. Many loads, for exam¬ 
ple lamps and relays, will not respond to the 
chatter. However, logic may recognize the 
chatter as a series of outputs. By feeding the 
output stage output back to its input (pin 1) 
the chatter can be eliminated. Three 
schemes for doing this are given in Figure 4. 
All operate by feeding the first output step 
(either on or off) back to the input, pushing 
the input past the threshold until the tran¬ 
sient conditions are over. It is only neces¬ 
sary to assure that the feedback time con¬ 
stant is not so large as to prevent operation 
at the highest anticipated speed. Although 
chatter can always be eliminated by making 
C 3 large, the feedback circuit will enable 
faster operation of the 567 by allowing C 3 to 
be kept small. Note that if the feedback time 
constant is made quite large, a short burst at 
the input frequency can be stretched into a 
long output pulse. This may be useful to 
drive, for example, stepping relays. 

DETECTION BAND CENTERING 
(OR SKEW) ADJUSTMENT 

(Figure 5) 

When it is desired to alter the location of the 
detection band (corresponding to the loop 
capture range) within the lock range, the 


circuits shown above can be used. By mov¬ 
ing the detection band to one edge of the 
range, for example, input signal variations 
will expand the detection band in only one 
direction. This may prove useful when a 
strong but undesirable signal is expected on 
one side or the other of the center frequen¬ 
cy. Since Re also alters the duty cycle slight¬ 
ly, this method may be used to obtain a 
precise duty cycle when the 567 is used as 
an oscillator. 

ALTERNATE METHOD OF 
BANDWIDTH REDUCTION 

(Figure 6) 

Although a lacge value of C 2 will reduce the 
bandwidth, it also reduces the loop damp¬ 
ing so as to slow the circuit response time. 
This may be undesirable. Bandwidth can be 
reduced by reducing the loop gain. This 
scheme will Improve damping and permit 
faster operation under narrow-band condi¬ 
tions. Note that the reduced impedance 
level at terminal 2 will require that a larger 


value of C 2 be used for a given filter cutoff 
frequency. If more than three 567s are to be 
used, the network of Re and Rc can be 
eliminated and the Ra resistors connected 
together. A capacitor between this junction 
and ground may be required to shunt high 
frequency components. 

OUTPUT LATCHING (Figure 7) 

To latch the output on after a signal is 
received, it is necessary to provide a feed¬ 
back resistor around the output stage (be¬ 
tween pins 8 and 1). Pin 1 is pulled up to 
unlatch the output stage. 

REDUCTION OF C1 VALUE 

(Figure 8) 

For precision very low-frequency applica¬ 
tions, where the value of Ci becomes large, 
an overall cost savings may be achieved by 
inserting a voltage follower between the Ri 
Cl junction and pin 6, so as to allow a higher 
value of Ri and a lower value of Ci for a 
given frequency. 
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PROGRAMMING TYPICAL APPLICATIONS 


To change the center frequency, the value 
of Ri can be changed with a mechanical or 
solid state switch, or additional Ci capaci¬ 
tors may be added by grounding them 
through saturating npn transistors. 



DETECTION BAND — % of fo 



R = Ra + 


?Rc 


RbRc 
Rb + Rc 


where Ra > lOkO 


OPTIONAL SILICON 
DIODES FOR 
TEMPERATURE 
COMPENSATION 


130 /iOK + r\ 

- \“s-/ 


<C2 



Adjust control for symmetry of detection band 
edges about fo. 

Figure 6 



OUTPUT LATCHING 




Ca prevents latch-up when power supply is turned on. 

Figure 7 
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TYPICAL APPLICATIONS (Cont d) 


CARRIER-CURRENT REMOTE 
CONTROL OR INTERCOM 



DUAL-TONE DECODER 



1. Resistor and capacitor values chosen for desired frequencies and bandwidth. 

2. If C 3 is made large so as to delay turn-on of the top 567, decoding of sequential (fi f 2 ) 
tones is possible. 



0° to 180^ PHASE SHIFTER 



R 2 « R 1/5 

Adjust Ri so that 0 = 90° with control midway 
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PRELIMINARY SPECIFICATION 


NE/SE530-N,T • NE/SE5530-N,T 


DESCRIPTION 

The NE/SE530 and NE/SE5530 are new 
generation high slew rate operational 
amplifiers featuring 3MHz bandwidths and 
improved input parameters. The 530 is a 
single amplifier while the 5530 is a dual 
configuration. Both products will have 
industry standard pinouts. 

FEATURES 

• Output swing (±5v supplies) 8 volts p-p 
typical 

• High slew rate 35V//us@ unity gain 
inverting typical 

• Settling time (to 0.1 ®/o) typical 

• Low offset voltage 2mVmax 

• Low bias current GOnAmax 

• Wide bandwidth 3MHz typical 

• Low current drain 2mA typical/amplifier 


PIN CONFIGURATIONS (530) PIN CONFIGURATIONS (5530) 





DESCRIPTION 

The NE586 and 587 are latch/decoder/driv- 
ers for 7-segment LED displays. Both de¬ 
vices have constant current outputs, the 
NE586 being a fixed 25mA/segment drive 
capability, and the NE587, variable between 
5 and 50mA/segment. On the NE587 the 
current is set with a single external resistor. 
The data (BCD) inputs and LE (latch enable) 
function are low loading that the devices 
are compatible with any data bus system. 


PIN CONFIGURATION 
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PRELIMINARY SPECIFICATION 


DESCRIPTION 

The NE590/NE591 addressable peripheral 
drivers are high current latched drivers, 
similar In function to the 9334 address de¬ 
coder. The device has 8 darlington power 
outputs, each capable of 250mA load cur¬ 
rent. The outputs are turned on or off by 
respectively loading a logic “1” or logic “0” 
into the device data input. The required 
output is defined by a 3 bit address. The 
device must be enabled by a CE input line 
which also serves the function of further 
addr ess decoding. A common clear input, 
CLR, turns all outputs off when a logic “0” is 
applied. 

The NE590 has 8 open collector darlington 
outputs which sink current to ground. The 
device is packaged in a 16 pin molded or 
cerdip package. 

The NE591 has 8 open emitter darlington 
outputs which source current to an external 
load from a common collector line. Vs. The 
Vs line need not necessarily be the same as 
the 5 volt Vcc supply. The device is pack¬ 
aged in an 18 pin molded or cerdip package. 


FEATURES 

• 8 high current outputs 

• Low-loading bus compatible inputs 

• Power-on clear ensures safe operation 

• NE590 will operate in addressable or 
demultiplex mode 

• Allows random (addressed) data entry 

• Easily expandable 

• NE590 Is pin compatible with 9334. 

APPLICATIONS 

• Relay driver 

• Indicator lamp driver 

• Triac trigger 

• LED display digit driver 

• Stepper motor driver 


PIN CONFIGURATIONS 


NE590 




DESCRIPTION 

The NE5030 is an 8-bit A-to-D converter 
employing the triple-slope technique of 
conversion. The device includes a voltage 
reference and clock generator and so con¬ 
stitutes the total conversion system with a 
minimum of components. Conversion time 
is approximately lOmS; voltage require¬ 
ment is a single 5V supply and the data 
outputs are tri-state bus compatible. 
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Linear 1C Processing 


INTRODUCTION 

Integrated circuits are divided into three 
general categories: (1) linear, (2) digital, 
and (3) MOS. Distinctly different design and 
process techniques are used for each type. 
The main difference between linear proc¬ 
esses and other IC processes is their diver¬ 
sity. While digital circuits are commonly 
restricted to low voltage switching, linear 
circuits may be fabricated with anything 
from switching to linear characteristics, 
high or low voltages, high or low frequency, 
or any combination of these properties. To 
cope with this range of applications, the 
following processes are frequently used: 

Epitaxial— 0.25 ohm-cm gold doped and 
non-gold doped 
0.5 ohm-cm gold doped 
1.0 ohm-cm Schottky and non- 
Schottky 
2.5 ohm-cm 
5.0 ohm-cm 

Dielectric— 2 to 15 ohm-cm 

All epitaxial processes are similar. The 
main difference is the resistivity of the 
deposited epitaxial layer In which the com¬ 
ponents are formed. This provides the me¬ 
ans of selecting higher breakdown voltages 
or lower saturations by merely selecting an 
epitaxial resistivity. 

For instance, the 5 ohm-cm process is used 
for operational amplifiers and regulators 
because It gives the 50V LVceo transistor 
breakdowns required. Since the phase lock 
loops need only 20V, and lower saturation 
voltages are desirable, the 2.5 ohm-cm 
process is used for their fabrication. 


NPN TRANSISTOR 
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PARASITIC DIODE 
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LATERAL PNP TRANSISTOR 
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VERTICAL PNP TRANSISTOR 
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JUNCTION CAPACITOR 



Figure 1-1c 


Figure 1-1d 


Figure 1-1e 
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OXIDE CAPACITOR 

O-11—^ 




Transistor breakdown is not the only con¬ 
sideration in choosing a process. In prod¬ 
ucts where fast switching is required, eith¬ 
er the gold doped or Schottky processes are 
used. Gold doping is used where medium 
and high current operation is involved. 
Schottky technology Is desired where lower 
currents or high transistor breakdowns are 
needed in addition to speed. Dielectric iso¬ 
lation is used where breakdown voltages 
must be in excess of 50 volts. 

COMPONENTS 

The components commonly formed In line¬ 
ar integrated circuits by junction Isolation 
are drawn in cross section in Figure 1-1. 
Parasitic components are also shown In the 
equivalent schematics. These parasitics can 
occasionally cause “sneak” paths or fault 
conditions in the circuit. 

TRANSISTORS 

It is instructive to compare, in a general 
manner, discrete transistors with those 
manufactured in integrated circuits. The 
most important differences for npn transis¬ 
tors are the parasitic substrate transistor 
and the top contact collector, as seen in 
Figure 1-2. 

The magnitude of the parasitic pnp beta 
depends upon the process and geometry 
used, but it ranges from about five for high- 
resistivity processes to very much less than 
one for gold doped processes. The parasitic 
pnp only becomes active when the npn 
transistor goes into saturation. Normally 
such effects are not important, but in some 
circuit configurations latching effects may 
be observed. That is, a positive feedback 
path may be established which is self- 
sustaining. Alternately, or perhaps coinci¬ 
dentally, this path may cause high currents 
to flow. These potential problems are easily 
avoided with judicious layout procedures. 

The effect of the top contact is to increase 
the saturation resistance. In small signal 
devices this is not significant, but at higher 
currents (around 50. mA) this becomes an 
economic factor as the die arc must be 
increased and yields drop. This resistance is 
lowered by means of the N+ buried layer 
seen in the cross sections of Figure 1-1. 

The normal npn transistor beta for linear 
devices ranges up to 250. Occasionally 
“super beta” transistors are needed with 
betas as high as 2000. The processing steps 
involved are the same as for regular transis¬ 
tors except for a longer emitter diffusion 
time which gives a very narrow base width 
and high beta. Care must be exercised in 
this sequence to make super beta and regu¬ 
lar npn devices at the same time. 


The pnp transistors in monolithic form, both 
lateral and vertical, differ from discrete 
pnps. The names ‘lateral’ and ‘vertical’ are 
derived from the mode of transistor action 
that occurs in the two components. Refer¬ 
ring to Figure 1-1B it can be seen that 
current flows laterally from emitter to col¬ 
lector through the N-epitaxial area. The 
presence of the buried layer diffusion re¬ 
duces to a comparatively low level, the 
collection by the isolation area. It Is not 
eliminated entirely, however, which gives 


rise to the parasitic diode shown in Figure 
1-3. 

The vertical pnp is similarly constructed but 
In this case the buried layer diffusion is 
omitted resulting in the isolation diffusion 
acting as the collector. The vertical current 
flow in this device gives rise to its name. 

Frequency response Is the primary differ¬ 
ence between these devices. The lateral pnp 
is restricted to frequencies below 1 to 2 MHz 
while the vertical pnp upper range is around 
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10 to 20 MHz. Another important feature of 
the lateral pnp is its comparatively low beta 
range and the low current at which beta 
peaks. In addition, the lateral pnp collector 
can be split to give multiple collector de¬ 
vices as shown in Figure 1-4. 

This configuration can be used to give 
fairly precise values of beta by tying one of 
the collectors to the base. Figure 1-5 illus¬ 
trates the tie back method used. 

Recent process development allows the 
addition of Schottky barrier devices to mon¬ 
olithic design (see Figure 1-6). The advan¬ 
tage is very fast switching circuits without 
gold doping. With this technique, the prop¬ 
erties of non-gold doped devices are main¬ 


tained while switching speeds are greatly 
improved. This is very desirable in devices 
containing both analog and digital circuitry 
such as voltage comparators. 

RESISTORS 

Resistors can be made from any of the n or p 
type layers. In practice the base and emitter 
diffusions are generally used. At times the 
“epilayer” (the bulk material) in the dielec¬ 
tric isolation process is also used. The re¬ 
quired characteristics of the resistor deter¬ 
mine the material or processes used. The 
most commonly used is the base diffused 
resistor. Size is scaled for the value desired. 
Base pinch resistors are used where high 
values are required and the limitations of 
accuracy and breakdown are not a problem. 


LATERAL PNP WITH 
COLLECTOR TIE— BACK 


EMITTER 



Figure 1-5 


Emitter resistors are useful where low value, 
temperature insensitive resistors are 
needed. This diffusion is also often used as 
a “cross-under,” that is, a low resistance 
connecting path. This can simplify layout 
design considerably. 

A new development in resistors that will 
offer great flexibility in design is the use of 
ion implantation. With this technique, resis¬ 
tivities orders of magnitude higher and tem¬ 
perature coefficients orders of magnitude 
lower than base diffused resistors are possi¬ 
ble. We can expect to see this technology 
used extensively in high voltage circuits, 
low power circuits and in complex linear 
functions where die areas would otherwise 
be excessive. 

JUNCTION FIELD EFFECT 
TRANSISTORS 

The n-channel FET is fabricated in the ep¬ 
itaxial layers and is obtained by pinching- 
off the epi with isolation diffusion. Because 
of this construction, the nomenclature FET 
is something of a misnomersincethegate is 
not available as an input. Its usefulness is as 
a bias circuit starting element. It Is much 
smaller in area than an equivalent value 
resistor and has a sufficiently high break¬ 
down voltage for this purpose. 

The p-channel FET is a more useful general 
purpose device. Its most important limita¬ 
tion is the breakdown voltage which is re¬ 
stricted to about 5 volts. Processing of both 
field effect and super beta transistors is 
similar. Changes in the regular process 
flows is necessary for both devices. 

CAPACITORS 

Capacitors are made by using the capaci¬ 
tance associated with the various junctions 
or by forming a thin silicon dioxide layer 
between two plates. The plates are formed 
by aluminum metalization and low resistivi¬ 
ty emitter diffusion. 

A number of problems are associated with 
junction capacitors. They have low break¬ 
downs for reasonable capacitance per unit 
area, the capacitors formed are polarized, 
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and they have high leakage currents. Oxide 
capacitors are free from these problems but 
the capacitance per unit area is compara¬ 
tively low. Junction capacitors are used 
primarily where decoupling capacitors are 
needed, while oxide capacitors are used 
where high quality is needed. 

OTHER DEVICES 

There are a number of other components 
such as SCR, SCS and Zener diodes that are 
available coincidentally with the compo¬ 
nents discussed above. The Zener diodes 
available are the emitter base junction and 
the emitter-isolation junction. Other junc¬ 
tions have breakdowns that are high and 
variable so they are seldom used. 



OXIDE CAPACITOR CONSTRUCTION 


Al plate 
Si02^ 

DIELECTRIC 


Figure 1-7 
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INTRODUCTION 

The components available for linear ICs 
were reviewed in Section 1. From that dis¬ 
cussion it was clear that many differences 
exist between IC components and those 
available to discrete circuit design. These 
differences may be conveniently summa¬ 
rized as: 

A. Limited resistor accuracy and values 

B. Lack of integrated inductance 

C. Small integrated capacitance values 

D. Poor PNP transistor performance 

E. Limited power dissipation 

On the other hand, linear IC designs have 
the advantages of excellent component 
matching, both active and passive; and the 
accessibility of a great number of active 
components. 

To cope with the limitations of monolithic 
circuitry, designers have evolved special 
techniques and practices, a number of 
which are detailed in this section. 

BIAS CIRCUITRY 

In discrete designs the bias circuitry is 
accomplished by high value resistor net¬ 
works. In linear designs this is impractical 
because of the die area required. The alter¬ 
native is to use an n-channel FET as shown 
in Figure 2-1. 


SIMPLE BIAS CIRCUIT 


+ Vcc 



Figure 2-1 


Zener Vz is fed current by FET Q1. The 
required bias voltage is then developed by 
the resistor divider R1 and R2. This simple 
technique can be elaborated upon if tem¬ 
perature compensation is required. By add¬ 
ing transistor Q2 shown in Figure 2-2, the 
positive temperature coefficient of the zener 
diode is offset by the negative one of the 
forward biased emitter-base diode. 

More elaborate schemes, which include the 
maintenance of constant currents in the 


TEMPERATURE COMPENSATED BIAS 


NETWORK 

+ Vcc 



Figure 2-2 


diodes, buffering the load from the source, 
and adjusting the composite temperature 
coefficient to zero, are commonly found 
where accurate references are required. 

Current sources as well as voltage sources 
can be easily obtained using similar cir¬ 
cuitry. Both npn and pnp type current 
sources are depicted by Figure 2-3. 


NPN AND PNP CURRENT SOURCES 

+ Vcc 



Assuming Q1-Q2 and Q4-Q5 are well 
matched and of the same geometries it can 
be shown that: 


I NPN = 


Vb - Vbe 
R2 


and IpNP = 


[ 


Vb - Vse"! 

R1 J 


R3 

R4 


These equations demonstrate that the cir¬ 
cuit currents can be made independent of 
external supply voltages and temperature 
fluctuations. Circuits such as these are used 
extensively in modern operational amplifi¬ 
ers such as the 531 and 536, where their 


presence assures that such parameters as 
voltage gain and offset voltage remain con¬ 
stant with temperature and supply voltage 
variations. 

The preceding circuits are valuable for high 
and medium values of current. Low current 
values are better developed by the popular 
circuit of Figure 2-4. 


LOW VALUE CURRENT SOURCE 


In 



Figure 2-4 


If the geometries of Q1 and Q2 are identical, 
the following equations hold: 


VbE1 = VbE2 + InR 



Where the subscripts refer to their respec¬ 
tive transistors, beta is high, and other sym¬ 
bols have their standard meaning. 

This is a transcendental equation which is 
represented graphically by Figure 2-5. 


CURRENT SOURCE FAMILY CURVES 



100 Ik 10k 100K 

R 

Figure 2-5 
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As can be seen, it becomes possible to 
obtain very low currents with reasonable 
values of resistance. This circuit is used in 
the 592 where Ibias is set by a single resistor 
and the valve of the operating power sup¬ 
plies. 

This principle may be extended to provide a 
particularly useful voltage reference. The 
circuit of Figure 2-6 illustrates how this is 
done. 


NON ZENER VOLTAGE REFERENCE 


Avo-2 

I R 

1 

-OVref 


Figure 2-6 


From the same considerations as before, 
the reference voltage can be shown to be: 

VRef = ^2 

There are a number of interesting and useful 
properties of this circuit. Compared with a 
Zener reference, it is much less noisy and 
can be used at lower supply voltages. With 
judicious circuit implementation, the volt¬ 
age can be controlled to about ±10% and 
low temperature coefficients can be 
achieved. 

CURRENT SOURCE LOADS 

Using current sources for load resistors is 
another technique exploited in linear inte¬ 
grated circuit designs. The schematics of 
Figure 2-7 show how this may be done. The 
circuit shown is the simple differential am¬ 
plifier. Figure 2-7a gives a conventional 
circuit while Figure 2-7b is an I.C. imple¬ 
mentation using pnp current sources. 

The value of the current source as a collec¬ 
tor load lies in its equivalency of an extreme¬ 
ly high resistance while occupying a very 
small die area. High stage gains are thus 
obtained in a minimum of space. Other 
advantages of the current source include 
linearity of gain versus output swing (be¬ 
cause gain is independent of current), and 
large output swing capabilities. The active 
load circuit also has the feature of summing 
the gain from both output sides. The disad¬ 



vantages of the circuit in Figure 2-7b are 
that the noise in the pnp’s is summed into 
the npn input noise, and the self-biasing 
scheme used in Figure 2-7b can introduce 
some added offset current if the pnp betas 
are low because pnps run at different cur¬ 
rent levels. A change in the circuit which 
avoids this problem is shown in Figure 2-8. 



The current imbalance between Q1 and Q2 
is now only: 


IB3 - 


2lci 


Where IB3 is Q3 base current 
Iq.j is Q1 collector current 
and and betas of Q1 and Q3 

respectively. This imbalance is now negligi¬ 
ble. Resistors have also been added to the 


pnp emitters to increase the output imped¬ 
ance and, therefore, the gain. 

Use of the pnp as a collector load can be 
extended by using multiple collector pnps 
as indicated In Figure 2-9. 



This circuit could give a voltage gain of 
many millions, which for linear amplifica¬ 
tion would be generally impractical due to 
clipping. A practical realization would in¬ 
corporate feedback to define gain, as shown 
in Figure 2-10, where the voltage gain is 
given by the ratio: 

Av= — 

Re 

LEVEL SHIFTING 

The necessity for level shifting arises from 
two general requirements: 

A. Level interfacing from input to output 

B. Maintaining voltages across transistor 
collector-base junctions to avoid clip¬ 
ping. 
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The latter situation can be seen in thecircuit 
of Figure 2-10, where the voltage across Q1 
is limited to a Vbe minus an IR drop which 
limits the voltage swing at the output. Dis¬ 
crete designers overcome this problem with 
a liberal use of coupling and decoupling 
capacitators which are not available to line¬ 
ar I.C. designers, unless incorporated exter¬ 
nally. 



Resistive level shifting is one method used 
in integrated circuitry. Figure 2-11 illus¬ 
trates the actual and equivalent networks. 

The DC voltage is level shifted down from 
point A to point B through resistor R1 by the 
current of Q2. The circuit AC performance 
can be analyzed by the equivalent circuit of 
Figure 2-11b with the gain of the circuit 
being given by; 



Maximum gain and broad bandwidth are 
dependent upon the following relation¬ 
ships: 

R2 » R1 and Cl >>C2 

These conditions can generally be met 
since the output can be fed into an emitter 
follower with high input resistance and low 
input capacitance. R2 and C2 values would 
be in the 5 megohm and 0.5 pF range re¬ 
spectively. These values place workable 
values of R1 and Cl at 10-20Kohms and 15- 
30pF respectively. Lower values of R1 con¬ 
sume excessive current while lower values 
of Cl degrade the 50MHz frequency per¬ 
formance. 



The disadvantages of this circuit include: 

A. Large die area for R1 and Cl 

B. Limited voltage range 

C. Power consumption without gain 

A level shifter which overcomes these prob¬ 
lems is the zener diode. A reverse biased 
transistor emitter base junction, giving a 
voltage drop of 6 to 7 volts, is commonly 
used for the zener since the voltage is in the 
range generally required. 




Multiples of this value can be gained by 
cascading more diodes. The benefits of this 
method are speed and small die area, while 
disadvantages Include inflexibility to power 
supplies and high noise. These drawbacks 
restrict the use of this method to switching 
circuits such as comparators and sense am¬ 
plifiers. 

A combination of these two methods pro¬ 
vides a circuit which provides a variable 
level shift. The zener of Figure 2-13 pro¬ 
duces a constant voltage drop which is 
modified by resistors R1 and R2. Input to 
output voltage is given by; 



The most universally used level shifting 
technique however, uses the pnp transistor. 
The circuit of Figure 2-10 has been redrawn 
to include pnp level shifters in Figure 2-14. 



signotics 


621 








Linear 1C Design Techniques 


Transistors Q3 and Q4 are current source 
loads as described earlier. With the addition 
of Q2 the level shifting has been accom¬ 
plished across the gain stage itself. The 
primary advantages are a large voltage 
range and power supply insensitivity. Volt¬ 
age ranges up to the breakdown of the 
transistor are available with the additional 
advantage of voltage gain for the current 
consumed. Although not a problem in audio 
and low frequency systems, the disadvan¬ 
tage of the pnp level shifter is lack of fre¬ 
quency response above 1MHz. 

OUTPUT STAGES 

The design techniques for driven stages 
used in linear integrated circuits differ little 
from those of conventional designs. In 
cases where the power required is small, the 
conventional class A emitter follower is 
generally used as shown in Figure 2-15a. 

The integrated form may vary in that Re is 
generally replaced by a current source In 
the Interest of smaller die size. 

Where both sink and source drive capabili¬ 
ties are required, the nnp-pnp arrangement 
is used. As shown in Figure 2-16a driver Q1 
feeds output transistors Q2 and Q3. 

Diodes D1 and D2 are used to bias the 
output transistors into slight quiescent con¬ 
duction. Temperature variations make cur¬ 
rent control difficult with this method and 
thermal runaway can result. The circuit of 
Figure 2-16b is much better from this stand¬ 
point since the current through Q4 and, 
therefore, the voltage across Q4 and Q5 can 
be controlled fairly well. By adjusting the 
value of R2 the current flowing through Q2 
and Q3 Is likewise controlled. A further 
advantage of this scheme is that Q4, Q5 and 


COMPLEMENTARY OUTPUT 
STRUCTURE 


v+ 



With Diode Biasing 

Figure 2-16a 



R2 can be placed in the same isolation tub. 

An alternative to the use of the vertical pnp 
is the compound npn-pnp circuit of Figure 
2-17. Keeping in mind the poor frequency 
and phase response of the lateral pnp, the 
loop formed from Q3 and Q6 has the poten¬ 
tial danger of Instability, however. 


v+ 



Transistor Biasing 

Figure 2-16b 


OUTPUT PROTECTrON 

Output stages are commonly protected so 
that the maximum current available does 
not damage the device. A circuit achieving 
this is shown In Figure 2-18. 

As the output current increases the voltage 
drop across R1 rises sufficiently to turn on 
Q1, which in turn removes some base drive 
from Q3. The output current is thus limited 
to the value specified by the IR drop of R1. 
Currents in the negative direction are like¬ 
wise limited by R2 and Q2 acting upon Q4. 


LATERAL PNP COMPLEMENTARY 
OUTPUT STAGE 



Figure 2-17 


COMPLEMENTARY OUTPUT STAGE 
WITH SHORT CIRCUIT PROTECTION 


v+ 



Figure 2-18 
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Often times the current handled by Q4 is 
large. If this is the case, the base drive at Q4 
must be large to overcome low beta in the 
pnp. Hence Q2 must handle large currents 
to effect output protection. For this reason 
negative current limiting is often installed at 
earlier stages of a design so that smaller Q2 
collector currents are required to control 
the output. 

REACTIVE COMPONENT 
SIMULATION 

Earlier in this chapter component limita¬ 
tions of linear 1C design were discussed. 
These limitations restricted the values of 
resistance and capacitance in addition to 
the non existence of the inductor for linear 
design. Techniques circumventing the re¬ 
sistor limitations, such as current source 
loads, have been covered. Methods of multi¬ 
plying capacitance and simulating induc¬ 
tance have also been developed for use In 
linear 1C design. 

In both cases the general method is to 
incorporate the oxide capacitors available 
into an active feedback configuration to 
synthesize the desired impedance. 

Capacitive multiplication is done using the 
circuit of Figure 2-19. The effective capaci¬ 
tance is given by the relationship: 

Ce«=c(^) 

Values of resistance for R1 should be as 
high as possible since the impedance ap¬ 
pears in series with the effective capaci¬ 
tance. 


CAPACITANCE MULTIPLIER 
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Figure 2-19 



Virtual inductors can be synthesized from 
active devices as well. With a constant cur¬ 
rent excitation, the voltage dropped across 
an inductance increases with frequency. 
Thus an active device whose output in¬ 
creases with frequency can be character¬ 
ized as an inductance. The circuit of Figure 
2-20 yields such a response with the effec¬ 
tive inductance being equal to: 


L = R1R2C 


SIMULATED INDUCTOR 


Rf 



Figure 2-20 


The Q of this Inductance depends upon R1 
being equal to R2. At this point the Q of the 
inductor is maximum. At the same time, 
however, the positive and negative feed¬ 
back paths of the amplifier are equal leading 
to the distinct possibility of oscillation at 
high frequencies. R1 should therefore al¬ 
ways be slightly smaller than R2 to assure 
stable operation. 

LAYOUT CONSIDERATIONS 

Of paramount importance to the layout of a 
linear circuit is the chip size. Every possible 
effort is made to reduce chip size for eco¬ 
nomic reasons. 

In general, the transition of a circuit design 
to a layout of its monolithic form is by way of 
design rules which give the minimum and 
maximum spacing between oxide openings 
of both the same and other diffusions. 
These rules take into account various proc¬ 
ess parameters and tolerances. Besides 
these general rules there are some particu¬ 
lar considerations. 

First is optimization of matching between 
similar components. This is accomplished 
by placing components as close as possible 
so that the differences due to micro¬ 


variations are minimized. In the case of 
transistors this means placing them in adja¬ 
cent isolation tubs. For resistors this means 
running them parallel with identical num¬ 
bers of corners and with identical end- 
contacts. 

Another consideration is component 
matching in the presence of thermal tran¬ 
sients. This is a common problem with 
operational amplifiers where thermal tran¬ 
sients of the output transistors can reflect 
back to the input transistors. A layout that 
could exhibit this effect is shown in Figure 
2 - 21 . 

As the output drives the load the power 
dissipation from output transistors Q3 and 
Q4 cause thermal gradients across the die. 
Transistors Q1 and Q2 receive a thermally 
generated voltage difference of 2mV per 
degree centigrade. Since operational ampli¬ 
fiers such as the 531 have voltage gains in 
excess of lOOdB, the voltage need only be 
20-200/uV to produce output saturation. 

The layout example of Figure 2-21 would 
generate large offset voltages as well as 
make accurate gain measurements impos¬ 
sible. The modifications required to elimi¬ 
nate temperature variations have been Illus¬ 
trated in Figure 2-22. Here the power 
dissipating elements are situated on the die 
center line. All temperature sensitive ele¬ 
ments, such as Q1 and Q2, are placed sym¬ 
metrically about the center line. 


CHIP LAYOUT WITH 
THERMAL SYMMETRY 



Figure 2-22 
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Die layout is also important with respect to 
ground current feedback. A good example 
occurs when both digital and linear circuitry 
appear on the same chip, as with sense 
amplifiers. 

A functional block diagram of the sense 
amplifier with parasitic resistances R1 and 
R2 is shown in Figure 2-23. Resistors R1 and 
R2 represent the impedance ofthediemet- 
alization. 


PARASITIC RESISTANCE IN 
GROUND LINES 


ANALOG 



When the TTL gate output switches large 
ground currents occur on the gate ground 
leads. This transient current flows through 
R1 and R2, raising the voltage at points A 
and B. These potentials can cause positive 
(or negative) feedback which can alter the 
ideal transfer curve of Figure 2-24a to that of 
Figure 2-24b. Both discontinuities and hys¬ 
teresis are evident. 

The improved method of grounding is illus¬ 
trated in Figure 2-25. Ground paths have 
been arranged so that currents sum only at 
the common ground pad of the die. In addi¬ 
tion, ground metalization has been widened 
to reduce metal resistance. 

As stated earlier, minimizing die area is 
important. One of the ways this can be done 
is by placing many components in a single 
isolation area. There are dangers in doing 
this however, due to the presence of para¬ 
sitic components. To illustrate, the emitter 
follower circuit of Figure 2-26 will be used. 

To save space both components are dif¬ 
fused in the same isolation tub as shown by 
Figure 2-27. The transistor collector contact 
serves the dual role of collector contact and 
reverse biasing of the resistor as required. 
Danger arises as the transistor current in¬ 
creases. 

The voltage drop in the N-epi region be¬ 
comes larger, eventually forward biasing 
part of the resistor. The circuit of Figure 2- 
28 applies should forward biasing occur, 
adding a parasitic pnp transistor between 
the resistor and the npn transistor base. If 
the beta is high enough a regenerative loop 
occurs causing latch up. The solution lies in 


SENSE AMPLIFIER TRANSFER 
CURVE 



Ideal 

Figure 2-24a 


HYSTERESIS DUE TO GROUND 
CURRENTS 



IMPROVED SENSE AMPLIFIER 
LAYOUT 



Figure 2-25 


EMITTER FOLLOWER CIRCUIT 

V* 


' c 

p 


< 

< 

t Ri 

1 K 


1 

1 

S 1 


1 

1 

1 

1 

Figure 2-26 



locating the resistor out of the transistor 
current path. 

Summary: 

The preceding two chapters have been de¬ 
voted to a basic treatise of linear design and 
processing techniques. Although severely 
limited in depth, the knowledge presented 
should provide a great deal of insight into 
understanding linear circuits, theircapabili- 
ties and limitations. 


EMITTER WITH PARASITIC 
PNP TRANSISTOR 
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INTRODUCTION 

The operational amplifier was first intro¬ 
duced in the early 1940’s. Primary usage of 
these vacuum tube forerunners of the ideal 
gain block was in computational circuits. 
They were fed back in such a way as to 
accomplish addition, subtraction, and other 
mathematical functions. 

Expensive and extremely bulky, the opera¬ 
tional amplifier found limited use until new 
technology brought about the integrated 
version, solving both size and cost draw¬ 
backs. 

Volumes upon volumes have been and 
could be written on the subject of op amps. 
In the interest of brevity this chapter will 
cover the basic op amp as it is defined along 
with test methods and suggestive applica¬ 
tions. Also, Included is a basic coverage of 
the feedback theory from which all configu¬ 
rations can be analyzed. 

THE PERFECT AMPLIFIER 

The ideal operational amplifier possesses 
several unique characteristics. Since the 
device will be used as a gain block, the ideal 
amplifier should have infinite gain. By 
definition also, the gain block should have 
an infinite input impedance in order not to 
draw any power from the driving source. 
Additionally, the output impedance would 
be zero in order to supply infinite current to 
the load being driven. These ideal defini¬ 
tions are illustrated by the ideal amplifier 
model of Figure 3-1. 



Further desirable attributes would Include 
infinite bandwidth, zero offset voltage, and 
complete insensitivity to temperature, pow¬ 
er supply variations, and common mode 
input signals. 

Keeping these parameters in mind, further 
contemplation produces two very powerful 
analysis tools. Since the input impedance is 
infinite, there will be no current flowing at 
the amplifier input nodes. In addition, when 
feedback is employed the differential input 
voltage reduces to zero. These two state¬ 
ments are used universally as beginning 
points for any network analysis and will be 
explored in detail later on. 


THE PRACTICAL AMPLIFIER 

Tremendous strides have been made by 
modern technology with respect to the ideal 
amplifier. Integrated circuits are coming 
closer and closer to the ideal gain block. 
Input bias currents for instance are in the 
5pA range for FET input amplifiers while 
offset voltages have been reduced to less 
than ImV In many cases. 

Any device has limitations however, and the 
integrated circuit is no exception. Modern 
op amps have both voltage and current 
limitations. Peak to peak output voltage, for 
instance, is generally limited to one or two 
base-emitter voltage drops below the sup¬ 
ply voltage while output current is internally 
limited to approximately 25mA. Other 
limitations such as bandwidth and slew 
rates are also present, although each 
generation of devices improves over the 
previous one. 

DEFINITION OF TERMS 

Earlier the ideal operational amplifier was 
defined. No circuit is ideal of course so 
practical realizations contain some sources 
of error. Most sources of error are very small 
and therefore can usually be ignored. It 
should be noted that some applications 
require special attention to specific sources 
of error. 

Before the internal circuitry of the op amp is 
further explored it would be beneficial to 
define those parameters commonly refer¬ 
enced. 

INPUT OFFSET VOLTAGE 

Ideal amplifiers produce 0 volts out for 0 
volts input. But, since the practical case is 
not perfect, there will appear a small dc 
voltage at the output even though no 
differential voltage is applied. This dc 
voltage is called the input offset voltage, 
with the majority of its magnitude being 
generated by the differential input stage 
pictured In Figure 3-2. 

An operational amplifier’s performance is In 
large part dependent upon the first stage. It 
is the very high gain of the first stage that 
amplifies small signal levels to drive remain¬ 
ing circuitry. Coincidentally, the Input 
current, a function of beta, must be as small 
as possible. Collector current levels are thus 
made very low in the input stage in order to 
gain low bias currents. It is this input stage 
also which determines dc parameters such 
as offset voltage since the amplified output 
of this stage is of sufficient voltage levels to 
eclipse most subsequent error terms added 
by the remaining circuitry. Under balanced 
conditions the collector currents of Q1 and 
Q2 are perfectly matched, hence we may 
say: 


DIFFERENTIAL INPUT STAGE 


v+ 



V- 


Figure 3-2 


Eos = Ic2Rl - Ic1Rl = 0 
In practice small differences in geometries 
of the base emitter regions of Q1 and Q2 will 
cause Eos not to equal 0. Thus, for balance 
to be restored a small dc voltage must be 
added to one Vbe or 

Vos = Vbe1 - Vbe2 

where the Vbe of the transistor is found by 

VbE=E In Cl) 

q Vis/ 

Reference is made to the input when talking 
of offset voltage. Thus, the classic definition 
of input offset voltage is ‘that differential dc 
voltage required between inputs of an 
amplifier to force its output to zero volts. ’ 

Offset voltage becomes a very useful 
quantity for the designer because many 
other sources of error can be expressed in 
terms of Vos- For instance, the error 
contribution of input bias current can be 
expressed as offset voltages appearing 
across the input resistors. 

INPUT OFFSET VOLTAGE DRIFT 

Another related parameter to offset voltage 
is Vos drift with temperature. Present day 
amplifiers usually possess Vos drift levels in 
the range of 5/iV to 40/uV per degree C. The 
magnitude of Vos drift is directly related to 
the initial offset voltage at room tempera¬ 
ture. Amplifiers exhibiting larger initial 
offset voltages will also possess higher drift 
rates with temperature. A rule of thumb 
often applied is that the drift per degree C 
will be 3.3/uV for each millivolt of initial 
offset. Thus, for tighter control of thermal 
drift, a low offset amplifier would be se¬ 
lected. 
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INPUT BIAS CURRENT 



Figure 3-3 


INPUT BIAS CURRENT 

Again referring to Figure 3-2, it is apparent 
that the input pins of this op amp are base 
inputs. They must, therefore, possess a do 
current path to ground in order forthe input 
to function. Input bias current, then is ‘the 
dc current required by the inputs of the 
amplifier to properly drive the first stage.’ 

The magnitude of Ibias is calculated as the 
average of both currents flowing into the 
inputs and is calculated from 

Ib = '1 + >2 
2 

Bias current requirements are made as 
small as possible by using high beta input 
transistors and very low collector currents 
in the first stage. The trade-off for bias 
current is lower stage gain due to low 
collector current levels and lower slew 
rates. The effect upon slew rate is covered 
in detail under the compensation section. 

INPUT OFFSET CURRENT 

The ideal case of the differential amplifier 
and its associated bias current does not 
possess an input offset current. Circuit 
realizations always have a small difference 
in bias currents from one input to the other, 
however. This difference is called the input 
offset current. Actual magnitudes of offset 
current are usually at least an order of 
magnitude below the bias current. For many 
applications this offset may be ignored but 
very high gain, high input impedance 
amplifiers should possess as little los as 
possible because the difference in currents 
flowing across large impedances develops 
substantial offset voltages. Output voltage 
offset due to los can be calculated by 

Vout — Aci(losRs) 

Hence, high gain and high input imped¬ 
ances magnify directly to the output, the 
error created by offset current. Circuits 
capable of nulling the input voltage and 
current errors are available and will be 
covered later in this chapter. 

INPUT OFFSET CURRENT 
DRIFT 

Of considerable importance is the temper¬ 
ature coefficient of input offset current. 


Even though the effects of offset are nulled 
at room temperature, the output will drift 
due to changes in offset current over 
temperature. Many popular models now 
include a typical specification for los drift 
with values ranging in the .5nA per degree 
C area. Obviously those applications requir¬ 
ing low input offset currents also require 
low drift with temperature. 

INPUT IMPEDANCE 

Differential and common mode impedances 
looking into the input are often specified for 
integrated op amps. The differential imped¬ 
ance is the total resistance looking from one 
input to the other while common mode is the 
common impedance as measured to 
ground. Differential impedances are calcu¬ 
lated by measuring the change of bias 
current caused by a change in the input volt¬ 
age. 

COMMON MODE RANGE 

All input structures have limitations as to the 
range of voltages over which they will 
operate properly. This range of voltages 
impressed upon both inputs which will not 
cause the output to misbehave is called the 
common mode range. Most amplifiers 
possess common mode ranges of ±12 volts 
with supplies of ±15 volts. 

COMMON MODE REJECTION 
RATIO 

The ideal operational amplifier should have 
no gain for an input signal common to both 
inputs. Practical amplifiers do have some 
gain to common mode signals. The classic 
definition for common mode rejection ratio 
of an amplifier is the ratio the differential 
signal gain tothecommon modesignal gain 
expressed in dB as shown in equation 3-6a. 

CMRR(dB) = 20 log 

Go/Ocm 

The measurement CMRR as in 3-6a requires 
2 sets of measurements. However note that 
if eo in equation 3-6a is held constant, 
CMRR becomes: 

CMRR(clB) = 20 log ^ /eo = K 


A new alternate definition of CMRR based 
on 3-6b is the ratio of the change of input 



offset voltage to the input common made 
voltage change producing it. 

Figure 3-4 illustrates the application of the 
equivalent common mode error generator 
to the voltage follower circuit. The gain of 
the voltage follower with error contributions 
caused by both finite gain and finite 
common mode rejection ratio is shown in 
equation 3-7. 

_ 1 ± 1/CMRR 
ein 1 + 1/A 

AC PARAMETERS 

Parameter definition has up to this point, 
been dealing primarily with dc quantities of 
voltages, currents, etc. Several important ac 
or frequency dependent parameters will 
now be discussed. 

An ideal gain block was defined earlier as 
one which would provide infinite gain and 
bandwidth. Real circuits approximate infi¬ 
nite open loop gain with low frequency 
gains in excess of lOOdB. The very high 
gains achieved with present designs are 
possible only by cascading stages. Al¬ 
though providing very high open loop gain 
the cascading of stages results in the need 
for frequency compensation in closed loop 
configurations and reduces the open loop. 

LARGE SIGNAL BANDWIDTH 

The large signal or power bandwidth of an 
amplifier refers to its ability to provide its 
maximum output voltage swing with in¬ 
creasing frequency. At some frequency the 
output will become slew rate limited and the 
output will begin to degrade. This point is 
defined by 

Slew Rate 
Fpl= -— 

Ztt • tout 

where Fpl is the upper power bandwidth 
frequency and Eout is the peak output swing 
of the amplifier. 

SLEW RATE 

The maximum rate of change of the output 
in response to a step input signal is termed a 
slew rate. Deviation from the ideal is caused 
by the limitation in frequency response of 
the amplifier stages and the phase compen¬ 
sation technique used. Summing node and 
amplifier output capacitances must be kept 
to a minimum to guarantee getting the 
maximum slew rate of the operational 
amplifier. Circuit board layout must also be 
of high frequency quality. Power supplies 
should be adequately bypassed at the pins, 
with both low and high frequency compo¬ 
nents to avoid possible ringing. A selection 
of a proper capacitor in parallel with the 
feedback resistor may be necessary. Too 
small a value could result in excessive 
ringing and too large a value will decrease 
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frequency response. In general, the worst 
case slew rate is in the unity gain noninvert¬ 
ing mode. Specifications of slew rate should 
always reflect this worst case condition with 
the maximum required compensation net¬ 
work. 



AMPLIFIER SLEW RATE 
LIMITATIONS 



Figure 3-5b 


FREQUENCY RESPONSE 

Distributed capacitances and transit times 
in semiconductors cause an upper frequen¬ 
cy limit or pole for each and every gain 
stage. Monolithic pnp transistors used for 
level shifting possess poor upper frequency 
characteristics and cascaded gain stages, 
used to approach the highest gain, subtract 
from the maximum frequency response. As 
shown in Figure 3-6 the open loop frequen¬ 
cy response of most op amps crosses unity 
gain at 10MHz. Closed loop response is 
unstable without compensation however, 
so typical unity gain frequencies are read¬ 
justed to approximately 1MHz by the effects 
of phase compensation. 

From Figure 3-6 it is also apparent that an 
amplifier has a trade off between gain and 
bandwidth. Higher gains are achieved at the 
expense of bandwidth. This trade off is a 
constant figure called the gain bandwidth 
product. 

TEST METHODS 

Product testing of all integrated circuits is 



very rapid using state of the art automatic 
test equipment. Large computer controlled 
test decks test all data sheet limits in a 
matter of milliseconds. Each parameter is 
tested in a specific circuit configuration 
defined by the test hardware. 

A typical simplified op amp test configura¬ 


tion is depicted by Figure 3-9. Units may be 
classed in several categories according to 
selected parameters. Even failures may be 
classified categorically depending upon 
their mode of failure. 

Figures 3-7,3-8, 3-10, and 3-11 illustrate the 
general test set ups commonly used to 
measure CMRR, average bias current, offset 
voltage and current and open loop gain 
respectively. In general the following pa¬ 
rameters are tested under the following 
conditions. 

COMMON MODE REJECTION 

The test set-up for CMRR is given in Figure 
3-7. Resistor values are chosen to provide 
sufficient sensitivity and accuracy for the 
device type being tested and the voltage 
measuring equipment being used. 

The positive common mode input voltage 
within the range Vcmi is algebraically sub¬ 
tracted from all supply voltages and from 
Vo. Then V| is measured. The most negative 
common mode voitge within the range, 
VcM 2 , is then subtracted from all the supply 
voltages and Vo, and V| is again measured. 
Then 

CMRR = (R1 + R2) /R1 |(VcM 1 -VcM 2 )/Vii - Vi 2 


CIRCUIT DIAGRAM USED 
FOR CMRR MEASUREMENT 


R2 

50K 



CIRCUIT DIAGRAM USED FOR 
AVERAGE BIAS CURRENT 
MEASUREMENT 


R2 

50K 



All resistor values are in ohms. 

Figure 3-8 
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A TYPICAL OP AMP TEST CIRCUIT 
(SIMPLIFIED) 


5K, A = 50 



Figure 3-9 


CIRCUIT DIAGRAM USED FOR OFFSET 
VOLTAGE AND OFFSET CURRENT 


R2 



All resistor values are in ohms. 


Figure 3-10 


CIRCUIT DIAGRAM USED FOR 
LARGE-SIGNAL OPEN LOOP GAIN 
MEASUREMENT 

50K 



Figure 3-11 
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This operation is equivalent to swinging 
both inputs over the full common mode 
range, and holding the output voltage 
constant, but it makes the V| measurement 
much simpler. 


BIAS CURRENT 

Bias current is measured in the configura¬ 
tion of Figure 3-8. 


With switches at position 1 and Vo = 0 volts, 
measure V|1. Move switches to position 2 
and again measure V|2. Calculate Ibias 
(average), by 


Ibi = 

Rl 


Rl + R2 

IB2 = 

R1 

Rl + R2 



Ibi + IB2 

Ibias (avg) =- 

2 


R1 V|1 - Vl2 
R1 + R2 2R3 


OFFSET VOLTAGE 

Figure 3-10 is used for both offset voltage 
and current. With Vo at 0 volts and the 
switches selecting the source impedance, 
the offset voltage is measured at Vi and is 
equal to 

R1Vi 
R1 + R2 

OFFSET CURRENT 

Offset current is measured by calculation of 
offset voltage change with a change in 
source impedance. With switches in posi¬ 
tion 1, measure Vi 2 . Calculate the contribu¬ 
tion of los by 

V 12 -V 11 

los = 

R3 


SIGNAL GAIN 

The signal gain of operational amplifiers is 
most commonly specified for the full output 
swing. 


This is referred to as large signal voltage 
gain and can be measured by the circuit of 
Figure 3-11. Usually specified under a 
specific load determined by Rl, a signal 
equal to the maximum swing of the output 
voltage is applied to Vo in both positive and 
negative directions. Vn and V 12 are meas¬ 
ured values of Vi and and Vo = maximum 
positive and maximum negative signals 
respectively. The gain of the device under 
test then becomes 


/Rl + R2\ / Vol - Vo2 \ 
\ Rl / \ Vii - V 12 ) 


SLEW RATE 

Many other parameters are checked auto¬ 
matically by similar means. Only the most 


important ones have been covered here. Of 
great interest to the designer are other 
parameters which do not necessarily carry 
minimum or maximum limits. One such 
parameter is slew rate. The configuration 
used to measure slew rate depends upon 
the intended application. Worst case condi¬ 
tions arise in the unity gain non-inverting 
mode. 




TIME 

Figure 3-12b 


Figure 3-12 shows a typical bench set up for 
measuring the response of the output to a 
step input. The input step frequency should 
be of a frequency low enough for the output 
of the op amp to have sufficient time to slew 
from limit to limit. In addition, Vjn must be 
less than absolute maximum input voltage 
and the wave form should have good rise 
and fall times. The slew rate is then 
calculated from the slope of the output 
voltage versus time or 

Sr = in volts//uS 

T 

OP AMP CURVE TRACER 

Two of the most important parameters of 
linear integrated circuits having differential 
inputs are voltage gain and input offset 
voltage. These parameters may be read 
directly from a plot of the transfer character¬ 
istic of the device. This memo will describe a 
very simple curve tracer which, when used 
with an oscilloscope, will display the 
transfer characteristic of most Signetics 
linear devices. 

Figure 3-13 shows the transfer characteris¬ 
tic of a typical linear device, the Signetics 
531. Note that the unit saturates at approxi¬ 
mately +12 and -12 volts and exhibits a 
linear transfer characteristic between -10 


and +10 volts. 

From the slope of this linear portion of the 
transfer characteristic, and from the point 


TRANSFER CURVE OF 531 


+15 V 



Figure 3-13a 


EqUT (VOLTS) 



where it crosses the ein axis, the voltage 
gain and offset voltage may be determined. 
It can be seen that the voltage gain of the 
device under test, (D.U.T.), is 50,000 and its 
input offset voltage is I.OmV. 

A simple circuit to display the curves of 
Figure 3-13 on an oscilloscope is shown in 
Figure 3-14. A 60Hz, 44Vp-p sinewave is 
applied to the horizontal input of oscillo¬ 
scope and an attenuated version of the 
sinewave is applied to the input of the D.U.T. 
The output of the D.U.T. drives the vertical 
input of the scope. For providing V+and V- 
to the D.U.T., the tester uses two simple 
adjustable regulators, both current limited 
at 25mA. Input drive to the D.U.T. may be 
selected by means of S-2 as shown. 

To use the curve tracer, first preset the V+ 
and V- supplies with an accurate meter. The 
supply voltages are somewhat dependent 
on ac line regulation and should be 
checked periodically. The horizontal gain of 
the scope may be set to give a convenient 
readout of the peak-to-peak D.U.T. input 
signal corresponding to the setting of S-2. 
As some devices have two outputs, a second 
output line (vertical 2) has been provided 
for these devices. The transfer function of 
such devices will be inverted to that of 
Figure 3-13 of course. 
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CURVE TRACER SCHEMATIC 



Simplicity and low cost are the two major 
attributes of this tester. It is not intended to 
perform highly rigorous tests for all devices. 
It is, however, a reasonably accurate means 
of determining the gains and offset voltages 
of most amplifiers. It will in addition, 
indicate the transfer curves of comparators 
and sense amplifiers with equivalent accu¬ 
racies. 

AMPLIFIER DESIGN 

Linear operational amplifier IC’s were 
introduced soon after the appearance of the 
first digital integrated circuits. The perform¬ 
ance of these early devices, however, left 
much to be desired until the introduction of 
the 709 device. Even with its lack of short 
circuit protection and its complicated 
compensation requirements, the 709 gained 
real acceptance for the 1C op amp. The 709 
was designed using a three stage approach 
requiring both input and output stage com¬ 
pensation. In addition the output stage was 
not short circuit proof and the input stage 
latched up under certain conditions, requir¬ 
ing external protection. 


Much better designs soon were introduced. 
Among the contenders were the 741, 748, 
101, and 107 devices. All were general 
purpose devices with single capacitor 
compensation, (some were internally com¬ 
pensated), and all heralded input and output 
overstress protection. The basic design has 
two gain stages. By rolling off the frequency 
response of one of these, (the second stage), 
so that the overall gain is unity at a 
frequency below the point where excess 
phase becomes significant, the device can 
be stabilized for all feedback configura¬ 
tions. Further, by making the first stage a 
voltage to current converter, with a small 
gm and the second stage a current to voltage 
converter with a high rm, the second stage 
can be rolled off at 6dB octave with a small 
value capacitor in the order of 30pF, which 
can then be built into the device itself. This 
concept is shown in Figure 3-15. 

The frequency and phase response of the 
pnp devices in the first stage dictate a roll off 
in the second stage to give a loop gain of 
unity at about 1.0MHz. For the unity gain 



feedback configuration, this implies an 
open loop gain of unity at this frequency. 
The capacitor Cc controls this parameter by 
looking much smaller than rm at frequencies 
above a few cycles, giving a clean 6dB/oc- 
tave roll off over 5 decades. 

The overall gain at frequencies where the 
impedance of Cc dominates rm is given by 

Av(a>) = JL 

4KT ‘"Cc 

Substituting the value given above, we find 
that a capacitance of Cc = 30pF gives a unity 
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gain frequency of about 1.0MHz. 

First stage large signal current also defines 
the slew rate for a specific compensation 
technique. It is this current which must 
charge and discharge the Cc by the expres¬ 
sion 


where Ils is the largest signal current of the 
input stage. Obviously, the slew rate can be 
improved by increasing the first stage 
collector current. This would, however, 
reflect directly upon the bias current by 
increasing it. 

Two serious limitations, then, of these 
devices for diverse applications are input 
bias current and slew rate. Both may be 
overcome with small changes of the input 
structure to yield higher performance 
devices. 

Reducing the input bias current becomes a 
matter of raising the transistor beta of the 
first stage. Several current designs boasting 
very low input currents use what is termed 
super beta input devices. These transistors 
have betas of 1,500 to 7,000. Bias currents 
under 2nA can be achieved in this way. Even 


though the Bvceo of such transistors can be 
as low as 1 volt, the lower breakdowns are 
accounted for in the input stage by rear¬ 
ranging the bias technique. Bandwidths and 
slew rates suffer only slightly as a result of 
the lower current levels. 

Further reduction in room temperature 
input bias current can be achieved by the 
use of FET input devices. A, (slightly 
simplified), schematic of the 536 FET input 
op amp is given in Figure 3-16. 

The majority of the 741 circuitry is pre¬ 
served with the appropriate input and bias 
structural changes made to incorporate the 
junction FETs. The biasing of Q1 and Q2 is 
chosen to minimize offset voltage and drift. 
The voltage across Q1 is controlled by Q28, 
Q32, and R8 which is the same as that 
across R6 via Q42 and Q43. The operating 
points of Q1 and Q2 are closely controlled 
by the loss of Q42 via their respective 
current sources. Offset adjustment is ac¬ 
complished by trimming the values of R1 
and R2 externally to equalize the currents 
through Q1 and Q2. Figure 3-17 illustrates 
the technique required. 

FET input structures of this type can provide 
input bias, (gate leakage), currents on the 


OFFSET VOLTAGE ADJUSTMENT 
OF THE 536 


v+ 



All resistor values are in ohms. 

Figure 3-17 


order of 5pA at room temperature. However, 
unlike the input bias currents of bipolar 
devices, the input bias current changes 
rapidly with temperature, doubling in value 
for every 10°C rise in temperature. For high 
temperatures the bias current of FETs 
becomes only about 4 times lower than 
super beta structures. 
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The 536 offers the advantages of very high 
input impedance and higher slew rate. The 
increase in slew rates for the 536 is about 6 
times that of a 741. 

The second limitation of 101 —741 devices is 
slew rate. As previously mentioned, the rate 
of change is dictated by the compensation 
capacitance as charged by the large signal 
current of the first stage. By altering the 
large signal gm of the first stage as depicted 
by Figure 3-18, the slew rate can be 
dramatically increased. 

The additional current supplied during 
large signal swings by current source 14 
causes the first stage transfer function to 
change as shown in Figure 3-19. The com¬ 
pensation capacitor is returned to the 
output of the 531 structure because the 
output driving source must be capable of 
supplying the increased current to charge 
the capacitor. 

Large signal bandwidths with this input 
structure will be essentially the same as the 
small signal response. Full bandwidth 
possibilities of this configuration are still 
limited by the beta and ft of the lateral pnp 
devices used for collector loads in the first 
stage. Even so, the slew rate of the 531 and 
538 is a factor of 40 better than general 
purpose devices. 


VOLTAGE/CURRENT CURVES OF 
FIRST STAGE 



Figure 3-19 


BASIC FEEDBACK 
THEORY 

At the beginning of this chapter the ideal op 
amp was defined. The ideal parameters are 
never fully realized but they present a very 
convenient method for the preliminary 
analysis of circuitry. So important are these 
Ideal definitions that they are repeated here. 
The ideal amplifier possesses: 

1. Infinite gain 

2. Infinite input impedance 

3. Infinite bandwidth 

4. Zero output impedance 


INPUT STRUCTURE OF 531 



Figure 3-18 


From these definitions two important theo- voltage sources and for impedance trans- 
rems are developed: formation. 


1. No current flows into or out of the input 
terminals. 

2. When negative feedback is applied the 
differential input voltage is reduced to 
zero. 

Keeping these rules in mind, the basic 
concept of feedback can be explored. 

VOLTAGE FOLLOWER 

Perhaps the most often used and simplest 
circuit is that of a voltage follower. The cir¬ 
cuit of Figure 3-20 illustrates the simplicity. 



Applying the zero differential input theorem 
the voltages of pins 2 and 3 are equal and 
since pins 2 and 6 are tied together, their 
voltage is equal; hence, Eout = Ein* Trivial to 
analyze, the circuit nevertheless does 
illustrate the power of the zero differential 
voltage theorem. Because the input imped¬ 
ance is multiplied and the output imped¬ 
ance divided by the loop gain the voltage 
follower Is extremely useful for buffering 


NON-INVERTING AMPLIFIER 

Only slightly more complicated is the non¬ 
inverting amplifier of Figure 3-21. 


NON-INVERTING AMPLIFIER 



Figure 3-21 


The voltage appearing at the inverting input 
is defined by 

Eout* Bin 

E2= - 

Rf + Rin 


Since the differential voltage is zero, E2 = 
E3, and the output voltage becomes 


Eout — Es 



It should be noted that as long as the gain of 
the closed loop is small compared to open 
loop gain, the output will be accurate, but as 
the closed loop gain approaches the open 
loop value more error will be introduced. 

The signal source is shown in Figure 3-21 in 
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series with a resistor equal in size to the 
parallel combination of Rm and Rp. This is 
desirable because the voltage drops due to 
bias currents to the inputs are equal and 
cancel out even over temperature. Thus 
overall performance is much improved. 

INVERTING AMPLIFIER 

By slightly rearranging the circuit of Figure 
3-21, the non-inverting amplifier is changed 
to an inverting amplifier. The circuit gain is 
found by applying both theorems; hence, 
the voltage at the inverting input is 0 and no 
current flows into the input. Thus the follow¬ 
ing relationships hold. 


Rin Rf 

Solving for the output Eo 

F — F 
to-tin_ 

Rin 


INVERTING AMPLIFIER 




Figure 3-22 


As opposed to the non-inverting circuits the 
input Impedance of the inverting amplifier is 
not infinite but becomes essentially equal to 
Rin. This circuit has found widespread 
acceptance because of the ease with which 
input impedance and gain can be controlled 
to advantage, as in the case of the summing 
amplifier. 

COMPENSATION 

Present day operational amplifiers are 
comprised of multiple stages, each of which 
has a 3dB point or pole associated with it. 
Referring to Figure 3-23, the 3dB break 
points of a two stage amplifier are approxi¬ 
mated by the Bode plot. 

As with any feedback loop, the op amp must 
be protected from phase shifts in excess of 
360°. A steady 180° phase shift is developed 
by the amplifier from output to inverting 
input. In addition the sum of all additional 
shifts due to amplifier poles or feedback 
component poles will cause the necessary 
additional 180° to sustain oscillation if the 
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gain of the amplifier is greater than one for 
the frequency at which the 180° phase shift 
is reached. By adding poles and zeros to the 
amplifier response externally, the phase 
shift can be controlled to insure stability. 

Many op amps now include internal com¬ 
pensation. These are single capacitors of 
30pF typically and the amplifier will remain 
stable for all gains. However, since they are 
unconditionally stable, the compensation is 
larger than required for most applications. 
The resultant loss of bandwidth and slew 
rate may be acceptable In the general case 
but selection of an externally compensated 
device can add a great deal to the amplifier 
response if the compensation is handled 
properly. 

In order to fully develop the point at which 
instability occurs a fuller understanding of 
phase response is necessary. 

The diagram of Figure 3-24 depicts the 
phase shift of a single pole. Note that at the 
pole position the phase shift Is 45° and that 
phase shift becomes 0 ° for a decade below 
the pole and -90° for a decade above the 
pole location. This is a Bode approximation 
which possesses a 5.7° error at 0° and 90° 
but this error is usually considered small 
enough to be ignored. The single pole 
produces a maximum of 90° phase shift and 
also produces a frequency roll off of 20dB 
per decade. The addition of the second pole 
of Figure 3-25 produces an additional 90° 
phase shift and increases the role off slope 
to -40dB per decade. 

At this point phase shift could exceed 180° 
because unity gain Is reached causing 
instability. For gain levels equal to A1 or 
|1/i8|, the phase shift is only 90° and the 
amplifier is stable. However, the gain of A2 
the phase shift is 180° and the loop is 
unstable. Gains in between A1 and A2 are 




marginally stable. However, as shown in 
Figure 3-26 the phase shift as it approaches 
180° causes increasing frequency peaking 
and overshoot until sustained oscillations 
occur. 
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FREQUENCY PEAKING DUE TO 
INSUFFICIENT PHASE MARGIN 


lAi(dB) 



It is generally accepted in the interest of 
minimized frequency peaking to limit the 
phase shift of the amplifier to 135® or a 
phase margin of 45®. At this margin the sec¬ 
ond order response of the system is crit¬ 
ically damped and oscillation is prevented. 

Referring to Figure 3-27, the required com¬ 
pensation can be determined. Given the 
open loop response of the amplifier, the 
desired gain is plotted until it intercepts the 
open loop curve as shown. 


FREQUENCY COMPENSATION 
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Figure 3-27 


tion to do the job assures the maximum 
bandwidths and slew rates of the amplifier. 
Additional In-depth information on com¬ 
pensation can be found in the reference 
material. 

FEED FORWARD 
COMPENSATION 

External compensation has been shown to 
improve amplifier bandwidth over internal 
compensation in the preceding section. 
Additional bandwidth can be realized if feed 
forward compensation is used. Bandwidth 
is limited in monolithic design by the poor 
frequency response of the pnp level shifters 
of the first stage. 


TECHNIQUE QF FEED 
FORWARD AROUND 1st STAGE 



Figure 3-28a 



The phase shift for minimum peaking is 
135°. Remembering that phase shift Is 45° 
at the frequency pole the example of Figure 
3-27 will be unstable at gains less than 20dB 
where phase shift exceeds 180°, and will 
possess excessive overshoot and ringing at 
gains less than 60dB where phase shift 
exceeds 135°. Thus, the desired compensa¬ 
tion will move the second pole of the 
amplifier out in frequency until the closed 
loop gain intersects the open loop response 
before the second break of the amplifier 
occurs. Selecting only enough compensa- 


FEED FORWARD COMPENSATION 
OF LM301 


3pF 



All resistor values are in ohms. 

Figure 3-28c 


The concept of feed forward compensation 
bypasses the input stage at high frequen¬ 
cies driving the higher frequency second 
stage directly as pictured by Figure 3-28a. 
The Bode plot of Figure 3-28b shows the 
additional response added by the feed 
forward technique used in Figure 3-28c. The 
response of the original amplifier requires 
less compensation at lower frequencies 
allowing an order of magnitude improve¬ 
ment in bandwidth. The typical feed forward 
network for the LM301 is shown in Figure 3- 
28c with its Bode plot in Figure 3-28b. 
Standard compensation and feed forward 
are both plotted to Illustrate the bandwidth 
improvement. Unfortunately, the use of feed 
forward compensation is restricted to the 
inverting amplifier mode. 

REFERENCES 

1. OPERATIONAL AMPLIFIERS-Design & 
Applications, Jerald Graeme and Gene 
Tobey, McGraw Hill Book Company. 

APPLICATtONS 

Volumes upon volumes have been written 
describing circuits based on the operational 
amplifier. Space prohibits a lengthy discus¬ 
sion of each application. Rather the follow¬ 
ing pages are intended as a reference point 
from which one can digress to achieve a 
specific response. The most important 
things to remember were brought out in the 
basic feedback theory section. No applica¬ 
tion of op amps need be terribly difficult if 
the summing point restraints are remem¬ 
bered and applied. 

VOLTAGE FOLLOWER 

The basic configuration in Figure 3-29 has a 
gain of 1 with extremely high input imped¬ 
ance. Setting the feedback resistor equal to 
the source impedance will cancel the effects 
of bias current if desired. 



However, for most applications a direct 
connection from output to input will suffice. 
Errors arise from offset voltage, common 
mode rejection ratio and gain. The circuit 
can be used with any op amp with the 
required unity gain compensation, if it is 
required. 
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INVERTING AMPLIFIER 

With the inverting amplifier of Figure 3-30 
the gain can be set to any desired value 
defined by R2 divided by R1. Input imped¬ 
ance is defined by the value of R1, and R3 
should equal the parallel combination of R1 
and R2 to cancel the effect of bias current. 
Offset voltage, offset current, and gain 
contribute most of the errors. The ground 
may be set anywhere within the common 
mode range and any op amp will provide 
satisfactory response. 

NON-INVERTING AMPLIFIER 



Gain for the non-inverting amplifier is de¬ 
fined by the sum of R1 and R2 divided by R1. 

The amplifier does not phase invert and 
possesses high input impedance. Again the 
impedances of the two inputs should be 
equal to reduce offsets due to bias currents. 




CURRENT TO VOLTAGE 
CONVERTER 

The transfer function of the current to volt¬ 
age converter is 

Vout = R1lin 

Evaluation of the circuit depends upon the 
virtual ground theorem developed earlier. 
The current flowing into the input must be 
the same as that flowing across R1, hence, 
the output voltage is the IR drop of R1. 

Limitations of course are output saturation 
voltage and output current capability. The 
inputs may be biased anywhere within the 
common mode range. 

DIFFERENTIAL AMPLIFIER 

This circuit of Figure 3-33 has a gain with 
respect to differential signals of R2/R1. 

The common mode rejection is dominated 
by the accuracy of the resistors. Other 
errors arise from the offset voltage, input 
offset current, gain and common mode 
rejection. The circuit can be used with any 
op amp discussed in this chapter with the 
proper compensation. 

SUMMING AMPLIFIER 

The summing amplifier is a variation of the 
inverting amplifier. The output is the sum of 
the input voltages, each being weighed by— 
Rp/Rin. 

The value of R4 may be chosen to cancel the 
effects of bias current and is selected equal 


to the parallel combination of RF and all the 
input resistors. 

INTEGRATOR 

Integration can be performed with a varia¬ 
tion of the inverting amplifier by replacing 
the feedback resistor with a capacitance. 
The transfer function is defined by 

Vout = - ■— r Vin • dt 
RC •' 


The gain of the circuit falls at 6dB per octave 
over the range In which strays and leakages 
are small. 



Since the gain at dc is very high a method for 
resetting initial conditions Is necessary. 
Switch S1 removes the charge on the ca¬ 
pacitor. A relay of FET may be used in the 
practical circuit. Bias and offset currents 
and offset voltage should be low in such an 
application. 
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DIFFERENTIATOR 

The differentiator of Figure 3-36 is another 
variation of the inverting amplifier. The gain 
increases at 6dB per octave until it inter¬ 
sects the amplifier open loop gain, then 
decreases because of the amplifier band¬ 
width. This characteristic can lead to 
instability and high frequency noise sensi¬ 
tivity. 


DIFFERENTIATOR 


R1 



A more practical circuit is shown in Figure 
3-37. The gain has been reduced by R3 and 
the high frequency gain reduced by C2 
allowing better phase control and less high 
frequency noise. Compensation should be 
for unity gain. 


PRACTICAL DIFFERENTIATOR 


R1 



AUDIO CIRCUITS 

Many audio circuits involve carefully tai¬ 
lored frequency responses. Pre-emphasis is 
used in all recording mediums to reduce 
noise and produce flat frequency response. 
The most often used de-emphasis curves 
for broadcast and home entertainment 
systems are shown in Figure 3-38. Opera¬ 
tional amplifiers are well suited to these 
applications because of their high gain and 
easily tailored frequency response. 

RIAA PREAMP 

The preamplifier for phono equalization is 
shown in Figure 3-39, along with the 
theoretical and actual circuit response. 
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Low frequency boost is provided by the 
inductance of the magnetic cartridge with 
the RC network providing the necessary 
break points to approximate the theoretical 
RIAA curve. 

RUMBLE FILTER 

Following the amplifier stage, rumble and 
scratch filters are often used to improve 
overall quality. Such a filter designed with 
op amps uses the 2 pole Butterworth 
approach and features switchable break 
points. With the circuit of Figure 3-40 any 
degree of filtering from fairly sharp to none 
at all is switch selectable. 

TONE CONTROL 

Tone control of audio systems involves 
altering the flat response In order to attain 
more low frequencies or more high ones 
dependent upon listener preference. The 
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PREAMPLIFIER—RIAA/NAB 
COMPENSATION 




•Select to provide specified transducer loading. 
Output Noise s O.SmV rms (with input shorted) 

All resistor values are in ohms. 


Figure 3-39a 
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TONE CONTROL CIRCUIT 
FOR OPERATIONAL AMPLIFIERS 



NOTES 

1. Amplifier A may be a 531 or 301. Frequency compensation, as for unity gain non¬ 
inverting amplifiers, must be used. 

2. Turn-over frequency—1kHz. 

3. Bass boost +20dB at 20Hz, bass cut -20d B at 20Hz, treble boost+19dB at 20kHz, treble 
cut -19dB at 20kHz. 



10 100 1,000 10,000 100,000 


FREQUENCY - Hi 

Figure 3-41 


BALANCE AMPLIFIER WITH LOUDNESS 
CONTROL 



Figure 3-42 


circuit of Figure 3-41 provides 20dB of bass 
or treble boost or cut as set by the variable 
resistance. The actual response of the 
circuit is shown also. 

BALANCE AND LOUDNESS 
AMPLIFIER 

Figure 3-42 shows a combination of balance 
and loudness controls. Due to the non¬ 
linearity of the human hearing system the 
low frequencies must be boosted at low 
listening levels. Balance, level and loudness 
controls provide all the listening controls to 
produce the desired music response. 

VOLTMETER 

Figure 3-43 shows a high impedance 
voltmeter, using the 536 op amp as a non¬ 
inverting amplifier. The ranges, up to 10V 
full scale, have extremely high input imped¬ 
ance, (up to 5X1080), with a guard terminal 
available. The 30V and 100V scales have 30 
and 100MO input impedance. The input is 
protected against input overvoltage by the 
diodes, but the meter cannot be subjected 
to more than 50% overload. 

CAPACITANCE MULTIPLIER 

The circuit in Figure 3-44 can be used to 
simulate large capacitances using small 
value components. With the values shown 
and C = 10)uF, and effective capacitance of 
10,000)uF was obtained. The Q available is 
limited by the effective series resistance. So 
R1 should be as large as practical. 

SIMULATED INDUCTOR 

With a constant current exitation, the 
voltage dropped across an inductance 
increases with frequency. Thus, an active 
device whose output increases with fre¬ 
quency can be characterized as an induct¬ 
ance. The circuit of Figure 3-45 yields such 
a response with the effective inductance 
being equal to: 

L = R1R2C 

The Q of this inductance depends upon R1 
being equal to R2. At the same time, 
however, the positive and negative feed¬ 
back pathsoftheamplifierareequal leading 
to the distinct possibility of instability at 
high frequencies. R1 should therefore 
always be slightly smaller than R2 to assure 
stable operation. 

POWER AMPLIFIER 

For most applications, the available power 
from op amps is sufficient. There are times 
when more power handling capability is 
necessary. A simple power booster capable 
of driving moderate loads is offered in Fig¬ 
ure 3-46. 

The circuit as shown uses a 741 device. 
Other amplifiers may be substituted only if 
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VOLTMETER 



All resistor values are in ohms. o ° 


Figure 3-43 


CAPACITANCE MULTIPLIER 



Figure 3-44 


VIRTUAL INDUCTOR 



Figure 3-45 


R1 values are changed because of the ICC 
current required by the amplifier. R1 should 
be calculated from the expression 

p.j _ 600mV 
ICC 

VOLTAGE-TO-CURRENT 

CONVERTERS 

A simple voltage-to-current converter is 
shown in Figure 3-47 The current out Is lout 
=^Vin/R. For negative currents, a pnp can be 
used and for better accuracy, a Darlington 
pair can be substituted for the transistor. 
With careful design, this circuit can be used 
to control currents of many amps. Unity 
gain compensation is necessary. 

The circuit in Figure 3-48 has a different 
Input and will produce either polarity of 
output current. The main disadvantages are 
the error current flowing in R2, and the 
limited current available. 

ACTIVE CLAMP LIMITING 
AMPLIFIER 

The modified inverting amplifier in Figure 3- 
49 uses an active clamp to limit the output 
swing with precision. Allowance must be 
made for the Vbe of the transistors. The 


swing is limited by the base-emitter break¬ 
down of the transistors. A simple circuit 
uses two back-to-back zener diodes across 
the feedback resistor, but tends to give less 
precise limiting and cannot be easily con¬ 
trolled. 

ABSOLUTE VALUE AMPLIFIER 

The circuit in Figure 3-50 generates a 
positive output voltage for either polarity of 
input. For positive signals, it acts as an non¬ 
inverting amplifier and for negative signals, 
as an inverting amplifier. The accuracy is 
poor for input voltages under 1V, but for less 
stringent applications, it can be effective. 

HALF WAVE RECTIFIER 

Figure 3-51 provides a circuit for accurate 
half wave rectification of the incoming 
signal. For positive signals, the gain is 0, for 
negative signals, the gain is-1. By reversing 
both diodes, the polarity can be inverted. 
This circuit provides an accurate output, but 
the output Impedance differs for the two 
input polarities and buffering may be 
needed. The output must slew through two 
diode drops when the input polarity re¬ 
verses. This limits the accuracy for 741 type 
devices above 300Hz, The 535 device will 


work up to 10kHz with less than 5% distor¬ 
tion. 

PRECISION FULL WAVE 
RECTIFIER 

The circuit in Figure 3-52 provides accurate 
full wave rectification. The output imped¬ 
ance is low for both Input polarities, and the 
errors are small at all signal levels. Note that 
the output will not sink heavy currents, 
except a small amount through the lOkfl 
resistors. Therefore, the load applied 
should be referenced to ground or a 
negative voltage. Reversal of all diode 
polarities will reverse the polarity of the 
output. Since the outputs of the amplifiers 
must slew through two diode drops when 
the input polarity changes, 741 type devices 
give 5% distortion at about 300Hz. The 535 
device will give under 5% distortion up to 
10kHz in this circuit. 

CYCLIC A TO D CONVERTER 

One interesting, but, much ignored A/D 
converter is the cyclic converter. This 
consists of a chain of identical stages, each 
of which senses the polarity of the input. 
The stage then subtracts Vref from the input 
and doubles the remainder if the polarity 
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was correct. In Figure 3-53 the signal is full 
wave rectified and the remainder of Vjn - Vref 
is doubled. A chain of these stages gives the 
gray code equivalent of the input voltage in 
digitized form related to the magnitude of 
Vref- Possessing high potential accuracy, 
the circuit using 531 devices settles 
in 5/iS. 

LOGARITHMIC AMPLIFIER 

Converting an input voltage to its log 
equivalent is very useful in computational 
circuits since two inputs can be multiplied 
simply by adding their logarithms. The log 
transfer curve of a Vbe junction is used in 
Figure 3-54 to achieve the transfer function. 
The 15.7kohm resistor and Ikohm thermis¬ 
tor provide a temperature compensated 
scale factor of 1 volt per decade of input 
voltage. Low input current devices such as 
the LF356 should be used for best results. 




TRIANGLE AND SQUARE 
WAVE GENERATOR 

The circuit in Figure 3-55 will generate 
precision triangle and square waves. The 
output amplitude of the square wave is set 
by the output swing of the op amp A - 1 and 
R1/R2 sets the triangle amplitude. The 
frequency of oscillation in either case is 

f = _1_ . 5 ? 

4RC * R1 

The square wave will maintain 50% duty 
cycle even if the amplitude of the oscillation 
is not symmetrical. 

The use of the 531 in this circuit will allow 
good square waves to be generated to quite 
high frequencies. Since the amplifier A1 
runs open loop, there is no need for com¬ 
pensation. The triangle-generating amplifi¬ 
er must be compensated. The 5558 device 
can be used as well, except for the lower 
frequency response. 

TWO-PHASE SINE WAVE 
OSCILLATOR 

This circuit uses a 2-pole pass Butterworth 
filter, followed by a phase shifting single 
pole stage, fed back through a voltage 
limiter to achieve sine and cosine outputs. 
The values shown using 741 amplifiers give 
about 1.5% distortion at the sine output and 
about 3% distortion at the cosine output. By 
careful trimming of Cg and/or the limiting 
network, better distortion figures are possi¬ 
ble. The component values shown give a 
frequency of oscillation of about 2kHz. The 
values can be readily selected for other 
frequencies. The 531 should be used at 
higher frequencies to reduce distortion due 
to slew limiting. 
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ABSOLUTE VALUE 
AMPLIFIER 



Figure 3-50 


HALF WAVE RECTIFIER 



Figure 3-51 


PRECISION FULL WAVE 
RECTIFIER 


10K 



Figure 3-52 


FAST SAMPLE AND HOLD 
CIRCUIT 

This circuit, (referring to Figure 3-57), 
depends upon the high slew rate of the 531. 
The operation begins as a strobe pulse 
developed from a logic input at IC2 turns on 
jFET Q1. This completes the feedback loop 
to IC1 and Q1 and Q2. This forces the 
capacitor Cl to charge to a voltage equal to 
the input voltage plus the gate to source 
offest voltage of the MOS transistor Q2. At 
the end of the strobe time, the loop is broken 
and this voltage is held by capacitor Cl until 
the time of the next strobe pulse. Using the 
MOSFET in this way minimizes greatly any 
drift or offset and results in a tracking 
accuracy of better than .01%. The 536 could 
be used as a buffer amplifier instead, with 
some loss of speed. 

With the components shown, a 15/.ts strobe 
pulse was used and the decay of the output 
voltage between samplings was measured 
at less than ImV per second. 

VOLTAGE COMPARATOR 

Inexpensive voltage comparators with only 
modest parameters are often needed. The 
op amp is often used in this configuration 
because the high gain provides good 
selectivity. Figure 3-58 shows a circuit 
usable with most any op amp. The zener is 
selected for the output voltage required (5.1 
volt for TTL), and the resistor provides some 
current protection to the op amp output 
structure. Vref can be any voltage within the 
wide common mode range of the 
amplifier—another advantage of using op 
amps for comparators. If the LM101A 
devices is used as depicted by Figure 3-59 
the clamp diode may be connected to the 
compensation point directly. Clamping the 
voltage at this point does not require a 
series resistor because of the internal 
circuitry of the LM101A. 

VOLTAGE AND CURRENT 
OFFSET ADJUSTMENTS 

Many 1C amplifiers include the necessary 
pin connections to provide external offset 
adjustments. Many times however, it be¬ 
comes necessary to select a device not 
possessing external adjustments. Figures 3- 
60, 3-61, and 3-62 suggest some possible 
arrangements for offset voltage adjust and 
bias current nulling circuitry. The circuitry 
of Figure 3-62 provides sufficient current 
into the input to cancel the bias current 
requirement. Although more simplified 
arrangements are possible the addition of 
Q2 and Q3 provide a fixed current level to 
Q1, thus, bias cancellation can be provided 
without regard to input voltage level. 
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CYCLIC A TO D CONVERTER 
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Figure 3-53b 


LOGARITHMIC AMPLIFIER 


TRIANGLE AND SQUARE 
WAVE GENERATOR 



OUTPUT 

All resistor values are in ohms. 
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Figure 3-54 


Figure 3-55 


TWO-PHASE SINE WAVE 
OSCILLATOR 



Figure 3-56 


FAST SAMPLE AND 
HOLD CIRCUIT 



All resistor values are in ohms. 

Figure 3-57 
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UNIVERSAL OFFSET NULL 
FOR INVERTING AMPLIFIERS 
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THE LF 156, IMPROVED 
FET OP AMP 

Introduction 

Advanced analog processing at Signetics 
has led to the improved jFET input op 
amp. The LF156 incorporates well-matched, 
high-voltage jFET’s on the same chip with 
bipolar transistors. The design gives low 
voltage and current noise and a low l/f noise 
corner. Specific applications which can 
utilize the advanced characteristics of the 
LF156 follow: 

Applications 

A change in capacitance must cause a 
change in charge, and that charge is 
displaced into the summing point, which 
must be balanced by an equivalent dis¬ 
placement of charge across the feedback 
capacitor, Cf, caused in turn by a change in 
the output voltage e. This circuit has the 
desirable property of being virtually inde¬ 
pendent of shunt capacitance across the 


PIEZOELECTRIC CHARGE 
AMPLIFIER 



input, since such capacitance is connected 
from the summing point to ground, and has 
across it only the residual null voltage, 
which should be negligibly low. This 
independence of input capacitance permits 
the use of long shielded cables between the 
transducer and the amp, without signifi¬ 
cantly affecting accuracy. Leakage resist¬ 
ance in parallel with Cf must be deliberately 
sustained, in order to prevent the amplifier 
output from drifting to saturation. The 
sensitivity is inversely proportional to the 
value of Cf. 

The smallest value of Cf that will be large 
compared to “strays” will yield the highest 
predictable sensitivity. At the lowest fre¬ 
quency, Xc must be small compared to Rl 
and the op amp’s offset current is sufficient¬ 
ly small to prevent saturation with the 
required value of R. 


Another application for which the LF156 is 
well suited is the high frequency, high 
impedance active filter. An example follows: 



FREQUENCY RESPONSE 



PHASE RESPONSE 



Other applications for the LF156 include: 
high impedance buffers, wideband low 
noise low drift amplifiers, precision high 
speed integrators, sample and hold circuits 
and fast D/A and A/D converters. 

SE/NE535, OP AMP 
APPLICATIONS 

Introduction 

The 535 Is a new generation monolithic op 
amp which features improved input charac¬ 
teristics. The device is compensated to 
unity gain and has a minimum guaranteed 
unity gain slew rate of lOV/^us. This is 
achieved by employing a clamped super 
beta input stage which has lower input bias 
current. 


SLEW RATE AND SMALL 
SIGNAL TRANSIENT RESPONSE 
TEST CIRCUIT 


10k 



NOTE 

Pins not shown are not connected. 

All resistor values are typical and in ohms. 


646 


signotics 









Operational Amplifiers 


Applications 

These improved parameters can be put to 
good use in applications such as sample 
and hold circuits which require low input 
current and in voltage follower circuits 
which require high slew rates. The circuit 
that follows will yield maximum small signal 
transient response and slew rate for the 535 
at unity gain. 

It is always good practice in designing a 
system to use dual tracking regulators such 
as the Signetics 5554 to power the dual 
supply op amps. This will guarantee the 
positive and negative supply voltage will be 
equal during power up. With the 535, it is 
possible to degrade the Input circuit charac¬ 
teristics by not applying the power supplies 
simultaneously. The 536 is capable of di¬ 
rectly replacing the 741 with higher input 
resistance which will improve such de¬ 
signed as active filters, sample and hold, as 
well as voltage followers. 

The SE/NE535 can be used either with 
single or split power supplies. 




SE/NE538 APP. NOTE 
Introduction 

The Signetics SE/NE538 is the under¬ 
compensated version of the SE/NE535. The 
538 has a typical slew rate of 50\///is and a 
gain bandwidth product of 6MHz. 

The internal frequency compensation is 
designed for a minimum inverting gain of 4 
and a minimum non-inverting gain of 5. 
Below these gains the 538 will be unstable 
and the 535 should be used. 

The higher slew rate of the 538 has made 
this device quite appealing for high speed 
designs and the fact that it has a standard 
pinout will allow it to be used to upgrade 
existing sytems that now use the /xA741 or 
mA748. 

Applications 


OFFSET ADJUST CIRCUIT 

v+ 



SLEW RATE AND SMALL 
SIGNAL TRANSIENT RESPONSE 
TEST CIRCUIT 


2.5K 10k 



NOTE: 

Pins not shown are not connected. 

All resistor values are typical and in ohms. 
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INTRODUCTION 

The wide use of integrated circuits in sys¬ 
tems has frequently led to the power supply 
and regulator portions taking a dispropor¬ 
tionate share of the volume of the system. 
The introduction of flexible, high perform¬ 
ance regulator ICs such as the 550 has made 
it possibleforadesignertoproducea highly 
regulated power supply in a small space 
with greatly reduced design effort. 

The objective of a voltage regulator Is to 
provide a constant output voltage inde¬ 
pendent of input supply voltage, output load 
current, and temperature. In general, it is 
desirable that the regulator should limit its 
own dissipation and its output current so 
that fault conditions and overload will not 
damage the regulator or the load. 

Supply regulators contain four basic ele¬ 
ments: a reference source, an error detec¬ 
tor, a control device, and protection circuit¬ 
ry. For the devices discussed here, the 
reference source is a constant voltage, the 
control device is a pass transistor, and the 
protection is primarily by current limiting. 

Because the application of voltage regula¬ 
tors depends a great deal upon the internal 
workings of the integrated circuit, a brief 
discussion of the design is included before 
actual applications are presented. 


A schematic of the 550 is present in Figure 
4-1. For the sake of brevity this discussion 
will deal with the 550 but in most cases will 
apply also to the |LtA723 device. 

THE REFERENCE SOURCE 

The 550 reference voltage is developed 
across the zener diode D2. The voltage is 
temperature compensated by the base- 
emitter drops in Q4, Q5 and Q6, in combi¬ 
nation with the resistance divider R2—R6. 
The voltage appearing at the emitter of Q5 
has a temperature coefficient of approxi¬ 
mately +7mV/° C while that at the base of Q6 
is approximately -2.3mV/°C. Thus, by 
choosing the appropriate tap on the resistor 
R2—R6, it Is possible to obtain a zero 
temperature coeffient. Naturally, the actual 
value of the temperature coefficient will 
fluctuate from unit to unit, but accurate 
compensation Is easier to achieve here than 
with other methods. The effective imped¬ 
ance at this point Is predominantly the par¬ 
allel impedance of R2 and R6, Increased by 
the diode impedances, and is typically 2k 
ohms. 

The reference circuit as it stands is not self 
starting, necessitating the addition of FET 
Q1, D1, D4, and D5. When there is no cur¬ 
rent in D2, Q1 will feed current through D4 
and D5 into the base of Q4, thus starting the 


current sources. When these are operating, 
D1 drops approximately the same voltage as 
D2,so D5 has no voltage across it and it no 
longer affects the reference circuit. The 
current through Q1 drives the base of Q17, 
with D1 and D4 providing the correct bias 
point for the proper operation of Q4 and Q5. 

ERROR AMPLIFIER 

The error amplifier in the 550 is a differential 
amplifier composed of Q11 and Q12, with 
biasing provided by Q7, Q8, Q9, Q10 and 
Q13. Q7 and Q8 act as equal current 
sources, driven by Q2, with R4 and R5 
improving the balance and output imped¬ 
ance characteristics. The current from Q7 is 
inverted in Q10 and Q13. Q13 has twice the 
area of Q10, so the current sink Q13 is twice 
the value of the source Q7 and Q8. Q9 elim- 
innates the error term caused by the basic 
currents of Q12 and Q13. Thus, the sum of 
the emitter currents of Q4 and Q12 is twice 
the current in source Q8. In balance, the 
current flow into the base of Q14 can be 
neglected, so the collector current of Q12 is 
equal to the current from Q8. Ignoring the 
base current of Q12, the emitter current of 
Q12 is half the collector current of Q13, so 
Q11 must carry the remainder. Hence, the 
currents in Q11 and Q12 are equally 
matched at balance, or no error condition. 
An unbalanced condition where the base of 


550 REGULATOR SCHEMATIC 



Figure 4-1 
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BASIC REGULATOR CONFIGURATION 
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Figure 4-2b 


Q11 is more positive (negative) than that of 
Q12 will lead to an increase (decrease) of 
current in Q11, a decrease (increase) of 
current in Q12, and a rise (fall) of the volt¬ 
age at the base of Q14 and Q15. Thus, a 
positive voltage change on the base of Q11 
will lead to a higher current from Vqut, the 
emitter of Q15. The effect of voltage 
changes on the base of Q12 is, of course, the 
opposite. The voltage gain of the error am¬ 
plifier is given by 

(Equation 4-1) 

AV s EQ. = Rci2/ /RC8 
2 2kT/qlE 
e 

This is typically 5000 at room temperature, 
rising a little at low temperature, and falling 
slightly at high temperature. High frequen¬ 
cy stability is ensured by connecting a 
capacitor from the compensation pin to the 
inverting input, giving the amplifier a 
6dB/octave roll off. In this manner, external 
pass elements with arbitrary phase charac¬ 
teristics at high frequency can still be com¬ 
pensated for by rolling off the amplifier. 

The error voltage is derived by resistor 
division of the output voltage. Since the 
error amplifier inputs will seek a balance 
between them, the output voltage will attain 
a value equal to the reference voltage multi¬ 
plied by the amplifier gain. 

The collector voltage of Q12 is set by the 
nearly constant output voltage. Power sup¬ 
ply rejection of the amplifier may be im¬ 
proved by taking the collector of Q11 to the 
constant voltage of Q14 also. 

The availability of both the inverting and 
non-inverting inputs to the error amplifier 
allows the regulator to be used in a wide 
variety of applications. 


In some applications where the output is fed 
back to the non-inverting input, a non¬ 
destructive latch-up can occur In Q11. By 
feeding current into the compensation pin 
through a diode this phenomenon can be 
avoided. Those applications requiring the 
additional diode are shown with the neces¬ 
sary connections. 

CONTROL DEVICE 

The control element is formed by the pass 
transistor Darlington pair Q14--Q15. The 
ultimate current capability of this pair is very 
high, but the usable current is restricted by 
packaging and assembly limitations to 
about 200mA. In general, power dissipation 
factors lead to more severe limitations, and 
applications requiring currents In excess of 
50mA are best handled with external pass 
transistors. To this end, the collector of Q15 
is brought out separately, allowing an ex¬ 
tended range of pass transistor connections 
to be utilized. These are discussed in the 
applications sections. 

PROTECTION CIRCUITRY 

Up to this point the design discussions have 
applied both to the 550 and juA723 devices. 
The short circuit protection sections differ 
slightly. Therefore, the following discussion 
will not necessarily apply to the /xA723. 

Isolating the regulator from the load during 
periods of overload is the function of Q16 
and Q18. These two transistors are ar¬ 
ranged to form an SCS device. 

Figure 4-2 shows the basic positive voltage 
regulator configuration. The sense resistor 
RSC is connected between emitter and base 
of Q16. When load current increases to such 
a value as to turn on Q16 the SCS device 


turns on removing the 120)uA base drive 
provided by Q8 to Q14, thus isolating the 
load. 

After the SCS turns on, Q16 need only 
provide the small base current required by 
Q18 to sustain current limiting. The cur¬ 
rent at which current limiting occurs is given 
by: 

(Equation 4-2) 


where Isc is the short circuit current and 
Vsense is the Vbe of Q16. 

Since the Vbe of Q16 falls with increasing 
temperature the short circuit also falls, a 
desirable trait. 

The advantage of incorporating the SCS 
device for current limiting lies in foldback 
limiting the output. That is, the output cur¬ 
rent under overload conditions drops to a 
value far below the peak load current capa¬ 
bility. This is essential In high current regu¬ 
lators to protect the regulator from exces¬ 
sive power dissipation. The technique of 
foldback limiting and the resultant locus are 
Illustrated by Figure 4-3. In normal opera¬ 
tion of the circuit no current is sourced, but 
when shut down, a current 

(Equation 4-3) 

ICL - IQ8 • hpEL / (1+hFEL) 

Is sourced. Bypassing this current through a 
resistor Rfb as in Figure 4-3, a portion, 
(IclRfb), of the Vsense Shutdown voltage can 
be generated regardless of current in Rsc. 
once the device is shut down. 

Thus, when Q16 — Q18 are conducting the 
major portion of IQ8, the shutdown condi- 
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tion changes from equation 4-3 to, (ignoring 
small terms), 

(Equation 4-4) 

IscRsC + ICL • RfB = Vsense 

Thus, the actual short circuit current can be 
much less than the peak load current given 
by equation 4-2. The load current-voltage 
characteristics of Figure 4-3 are shown in 
the curve for various values of Rfb. 

Since the input impedance of the Cl termi¬ 
nal is negative over some range of voltages, 
it is normally necessary to by-pass Rfb with 
a capacitor to maintain stability if operation 
in this range is desired. A value of 0.01 is 
generally satisfactory. 

By increasing Rfb to such a value that Rfb • 
ICL > Vsense, the Circuit will shut down com¬ 
pletely under overload, and not come back 
into operation unless the voltage between 
the Cl and Cs terminals is reduced below 
Vsense by some external means. In general, 
this is most useful in remote shutdown 
applications discussed later. 

The final feature available in the dual in-line 
package versions of the 550 and the nA723 
is the zener diode D3 between Vqut and Vz, 
(the Vz output is not available In the L 
package since there are insufficient pins). 
This diode is useful in certain applications 
such as negative regulators, where it is 
desirable for the output of the amplifier to be 
level shifted to a point more negative that 
Vout is permitted to go (+2V referred to V-). 
The Zener voltage is typically 6.4V. The use 
of this feature is discussed in the next sec¬ 
tion. 


straightforward. Each functional block of 
the regulator should be considered as to its 
contribution to the system. Basic regulation 
of an output voltage is achieved by multiply¬ 
ing a reference voltage by the gain of an 
amplifier. Thus, the error amplifier may be 
treated as an operational amplifier where 
the Virtual ground’ and ‘zero differential 
voltage’ statements developed in section 
three apply. The reference voltage is ap¬ 
plied to the positive input and a sample of 
the output voltage is fed back to the nega¬ 
tive input via a resistor divider network. 
Since the junction of R1 and R2 in Figure 4-3 
will equal the reference voltage (zero differ¬ 
ential rule), the output will be set by the ratio 
of the resistors. Specifically the output volt¬ 
age becomes: 

(Equation 4-5) 


Each input to the error amplifier requires a 
small bias current of typically VA. Since 
these currents will be flowing through the 
input impedances to the amplifier it is possi¬ 
ble to generate an error voltage if the imped¬ 
ances to the amplifier are not equal. In 
addition temperature changes will cause 
fluctuations in bias current causing the 
output voltage to drift. Thus, the final design 
should provide a match of the input imped¬ 
ances both to improve accuracy and 
temperature stability of the output voltage. 
The effective impedance of the internal 
reference voltage of the 550 is 2kohm. 
Therefore for best temperature stability the 
parallel combination of R1 and R2 should be 
2kohm. 


APPLICATIONS (Equation 4-6) 

Designing basic voltage regulators with - R1 • R2 

high performance IC regulators is relatively Ri + R2 


The design of the regulator should satisfy 
both equation 4-5 and equation 4-6 simul¬ 
taneously. Solving both leads to equations 
4-7 and 4-8 which express the resistor val¬ 
ues as a function of output voltage. 

(Equation 4-7) 

R2 = . 2000VOUT OHMS 
Vout-Vref 

(Equation 4-8) 

RI = ^OpOVoyi ohms 
Vref 

Having determined the required resistor 
values, the designer may find that they are 
not readily available in standard values and 
some adjustments are necessary. Such 
changes should maintain the ratio: 

(Equation 4-9) 

Vqut ^ RI + R2 
ViN R2 

The reference voltage of the 550 is 1.63 volts 
typically, with a spread of 1.53 volts mini¬ 
mum to 1.73 volts maximum. This variation 
from unit to unit may require that some 
portion of RI or R2 be made adjustable for 
exact output voltage trimming. 

PASS TRANSISTOR CIRCUITS 

The next major subject concerns the use of 
external pass transistor options. These can 
readily extend the usable output current 
range of the regulator to many amps and 
reduce power dissipation in the IC as well. 
In this way, thermal effects, (discussed later 
in detail), are minimized. 

The simplest circuit is that shown in Figure 
4-4. Here, the Internal Darlington pass tran¬ 
sistor configuration is extended to a triplet 
by the external npn transistor. For further 
extension, this external device can be a 
Darlington, extending the string to a quad. 
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USE OF EXTERNAL NPN 
PASS TRANSISTOR 


V|N 



REGULATED 

OUTPUT 


USE OF PNP PASS TRANSISTOR 


V|N 



REGULATED 

OUTPUT 


ALL RESISTOR VALUES ARE IN OHMS 

Figure 4-5 


USE OF PNP-NPN PASS TRANSISTOR 


V|N 



REGULATED 

OUTPUT 


ALL RESISTOR VALUES ARE IN OHMS 

Figure 4-6 


OVERLOAD PROTECTION OF THE 
INTEGRATED CIRCUIT AND THE 
PASS TRANSISTORS 

V|N 



Figure 4-7 


This arrangement has the merit of economy, 
since npn power transistors are generally 
cheaper than pnp, but has the disadvantage 
that the minimum differential voltage be¬ 
tween input and output is increased by the 
Vbes of the external transistors. The load 
regulation is also somewhat degraded since 
the error amplifier gain is finite and the Vbe 


drops of the external transistors is a func¬ 
tion of load current. 

An alternative circuit avoiding the disadvan¬ 
tages mentioned above is shown in Figure 
4-5. This circuit uses the pnp transistor 
whose base drive is obtained from the Vc 
terminal. 


The resistor R3 is used to ensure Q1 turns 
off under no load conditions, avoiding the 
excessive buildup of leakage current that 
can sometimes occur at high temperature. 
The effect of Q1 is to multiply the hpE of the 
output transistor in the IC, without increas¬ 
ing the Vbe, hence this circuit optimizes the 
load regulation also. Once again, this device 


654 


signotics 





Voltage Regulators 


can be replaced by a Darlington pair, but the 
Vbe buildup begins to affect the differential 
voltage limit. The best arrangement is that 
shown in Figure 4-6. The npn pass transistor 
is driven from a pnp device to enhance beta. 
Thus, large output currents are gained with¬ 
out sacrificing minimum input to output 
voltage differential. 

The short circuit and overload protection 
techniques discussed later can all be ap¬ 
plied to these pass transistor circuits. The 
currents can be scaled by altering the value 
of Rsc- 

This will protect the entire regulator against 
overload but will not protect the 1C from 
pass transistor failure. The limit is set at 
several amperes —enough to destroy the 1C 
— should the transistor fail. Protection from 
such failure can be provided by the circuit of 
Figure 4-7. 

Rsci performs the main short circuit protec¬ 
tion, but Rsc 2 limits the 1C output current to 
a safe value if the pass transistors fail. The 
normal voltage drop in Rsc 2 should be small 
compared with the voltage drop in Rsci- 
This circuit may be modified to include all 
the protection techniques discussed next. 

OVERLOAD PROTECTION 

The simple short circuit protection arrange¬ 
ment of Figure 4-2A gives the typical output 
characteristic illustrated in 4-2B. This 
shows the variation of limit current with 
temperature and the sharp knee between 
the constant voltage and constant current 
regions. Adequate for most applications, 


this method has the benefit of simplicity. 
The value of the short circuit resistor Rsc is 
given by: 

(Equation 4-10) 

Isc= 

Rsc 

Many variations of the basic circuit exist. 
Since the regulator is shut down when the 
voltage difference between Cl and Cs 
reaches Vsense, a set of resistors to achieve 
limiting or a locus other than that given by 
equation 4-10 can be chosen. For instance, 
it might be beneficial to limit one supplytoa 
lower current level than another. 

The arrangement of Figure 4-8 produces a 
limit relationship 

(Equation 4-11) 

IliRsCI + IL2 (RsC1 + RsC2) < Vsense 

This allows a higher limit on output 1 
[Vsense/Rsci if I L2=0] than on output 2 
[Vsense/Rsci + Rsc2) if Ili = 0],but protects 
both outputs to less than these limits if the 
other is carrying current. The price paid is 
that only one output can be well regulated. 
The other output has an effective output im¬ 
pedance derived from the Rsc’s. If output 1 
is stabilized (by tying R1 to it), then the 
output Impedance of output 2 will be Rsc 2 
higher: if output 2 is stabilized, then output 1 
has a low output impedance, but a high 
mutual impedance from the load current Il 2 . 

In general, any linear combination of load 
currents and input or output voltages can be 


used to set the overload operating condi¬ 
tions. In extreme cases the use of an op-amp 
summing amplifier to drive Cl or Cs could 
be considered. However, the simple limit 
scheme depicted in Figures 4-2 and 4-3 is 
adequate to cover most cases. 

FOLD BACK CURRENT LIMITING 

The primary limitation on the use of the 
simple protection of Figure 4-2 arises from 
the power dissipation under short circuit 
conditions. The power dissipation allowed 
depends on the package type. For sim¬ 
plicity, we will discuss the L package (10 
lead T05) values, but the other package 
limits can be substituted readily. At ambient 
temperatures below 30°C, this limit is 
800mW, giving a junction-to-ambient 
temperature difference in the neighborhood 
of 120°C. Above this temperature, derating 
at 6.8mW/° C, we find at an ambient of 50° C, 
680mW, at 75° C, 51 OmW, at 100° C, 300mW, 
and at 125°C, 170mW. 

Clearly, under short circuit output condi¬ 
tions, the dissipation becomes the product 
of the full input voltage and the short circuit 
current. Consider a device with 20Vin, 
15Volit, and 60mA current limit, operating 
at ambient temperature of Ta = 25°C. The 
standby current will be assumed to be 2mA 
or a dissipation of 40mW. The pass transis¬ 
tor dissipation just before overload is 5V at 
60mA, or 300mW, for a total of 340mW, well 
within ratings. But under short circuit con¬ 
ditions, the initial pass transistor dissipation 
is 20V at 60mA, or 1.2W (a total of 1.24W), in 
excess of the allowed ratings. If the 340mW 


MODIFIED SHORT 
CIRCUIT PROTECTION 





Figure 4-8 


SCHEMATIC OF 10 VOLT-1 
AMP REGULATOR 



Vqut R3 +(Vsense- icL R3) (Rs'*'R4) 

'KNEE =-- 

{R3+R4) (Vsense -'cl 1^3) 

'SC= 

Figure 4-9a 
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REMOTE SHUTDOWN REGULATOR 


V|N 



Figure 4-10 


REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 

V|N 



REGULATED 

“"output 


Figure 4-11 


dissipation is maintained to reach equilibri¬ 
um, the junction temperature will rise to 
about 75°C, and the short circuit current 
will fall to about 52mA, so the short circuit 
dissipation is then 1.08W, still in excess of 
ratings. Eventually, the junction tempera¬ 
ture will reach 150° C, where the short circuit 
current will be about 37mA, and the total 
dissipation about 800mW, just acceptable at 
an ambient temperature of 25°C. High am¬ 
bient temperature will degrade the situa¬ 
tion. Taking a worst case situation, with Vin 
= 40V, Ta = 125°C, and I standby=2.0mA, 


the allowable package dissipation is 
170mW, of which 80mW is taken by standby 
current, leaving 90mW for the pass device. 
Thus, the short circuit current must not 
exceed 2.2mA. However, with Vout at 35V, 
the allowable output current is 18mA. The 
same problem arises in circuits using pass 
transistors, except that the dissipation is 
transferred to the pass transistor itself. 

The solution to this problem is found in 
foldback current limiting circuits. The 550 
device is particularly well suited to this type 


of circuit. The basic 550 foldback circuit is 
shown in Figure 4-3. The internal operation 
of this circuit was described earlier and will 
not be repeated here. The current that can 
be drawn without significant drop in Vout 
called the knee current, (Iknee), can be con¬ 
siderably greater than the short-circuited 
output current, in this case called the fold- 
back current, Isc. The equations controlling 
the currents are, for Iknee, 

(Equation 4-12) 

Iknee = Vsense/Rsc 

and for Isc, 

(Equation 4-13) 

Isc = (Vsense — IclRfb)/RsC 

= (Vsense — Rfb • 125aA)/Rsc 
where Icl is ^25^xA. 

The primary disadvantage of this scheme is 
that for certain load lines the circuit will not 
start. Large capacitive loads may trigger the 
fold back circuit causing the regulator to 
prematurely shut down. Momentary over¬ 
loads such as start up may have to be 
tolerated in this case by shorting out Rsc 
until the capacitance has charged. The ad¬ 
vantage of this circuit is that the dissipation 
under all types of overload is markedly 
reduced and by careful design, the knee 
current can be set at the dissipation limit 
value without exceeding this limit under 
overload. 

An alternative circuit, with advantages and 
disadvantages of its own, is shown in Figure 
4-9. This circuit can be used with the 550 
and the ^A723 devices, and is basically a 
variant of the “linear combination of voltage 
and current” type. 


656 


signDtics 






Voltage Regulators 


Here, the combination is of load current and 
output voltage, such that 

(Equation 4-14) 

Vsense = [voUT + Iknee • Rsm I- 

LR3 + R4J 

- VouT + lciR3 

(where Ici 125/iA for the 550) 

Solving for Iknee we find 

(Equation 4-15) 


_ (R3 + R4) (Vsense - lclR3) + VoutR3 

- ^4 - 

The short circuit current is less than the full 
load or “knee” current and is described by 

(Equation 4-16) 


, _ (R3 + R4) (Vsense - lclR3) 

I sc ~ -- 

RscR4 

The parallel combination of R3 and R4 form 
a feedback resistor so the impedance 
should be less than 1 kohm. Values larger 
than 1 kohm cause the inherent foldback 
characteristic of the 550 to latch back 
before assuming the linear load line of Fig¬ 
ure 4-9. 


Ignoring small quantities the resistor values 
of R3 and R4 are selected from the ratio 

(Equation 4-17) 


R4 _ (Vqut isc) ^ 

R3 Vsense (Iknee “ Isc) 

A design example Is included here to illus¬ 
trate the design procedure. 

Design Example 
18 Volt Input 

10 Volts Output @ 1 Amp 
Foldback Current Limiting 


Step 1 Compute minimum I short circuit 
with Iknee = 1 amp by 


ls( 


2 Vsense 


1.2 


Iknee Vsense + VouT 10.6 


-> 113mA 


Step 2 Select Isc at 150mA 


Step 3 Calculate R3/R4 ratio by 


R4 _ Vout(Isc) 

R3 Vsensedknee “ Isc) 


(10) (150) 
.6 (.850) 


- 1 = 2.94 


Step 4 Because R3 In parallel with R4 must 
be less than 1 kohm select R3 at 1 k. Thus, R4 
becomes 2.94K. Rounding to standard val¬ 
ues select R3 = IK and R4 = 3K. 


Step 5 Calculate Rsc by 


Rsc — 


(R3 + R4) (Vsense - lclR3) + VoutR3 
lkneeR4 


(4) (.475) + 10 
3 


= 3.96n 


Step 6 Select standard value of Rsc = 4 ohms 

Step 7 Recalculate Iknee using the selected 
standard values. 

(R3 + R4) (Vsense - lclR3) + VoutR3 
- r;^r4- 

(4) (.475) + 10 

=-^-= 991 amp 

4.3 

Step 8 Recalculate Isc using selected values 


removed when the supply shuts down. Use 
of this technique will be discussed in more 
detail later. 

A remote control circuit which retains any of 
the current limiting protection schemes so 
far discussed and adds control via a stand¬ 
ard TTL logic level is shown in Figure 4-11. 
The gate listed in the figure is a suitable 
open collector gate with high voltage break¬ 
down. 


Isc — 


(R3 4" R4) (Vsense ~ lclR3) 
RscR4 


Figure 4-9a illustrates the final regulator 
arrangement with the shut down locus given 
by Figure 4-9b. Excellent alignment of cal¬ 
culated and measured results was obtained. 
The foldback characteristic is of the type 
shown in Figure 4-9b and should be con¬ 
trasted with that of Figure 4-3. 

Two distinct disadvantages of this circuit 
are readily apparent. First, the voltage drop 
across Rsc becomes large and adds directly 
to the minimum differential voltage required 
between Vin and Vqut. This in turn causes 
excessive power consumption in the regula¬ 
tor since the power dissipated by the pass 
transistor Is equal to the input-output volt¬ 
age differential multiplied by the peak load 
current. 

Secondly, since Rsc is larger than normal, 
and must handle all load current, its wattage 
must be increased. It should be noted that 
load regulation will be adversely affected as 
well. 

With these disadvantages in mind, large 
peak current regulators are usually best 
protected by the foldback characteristic 
shown by Figure 4-3. This circuit Is advan¬ 
tageous because Rsc is small and therefore 
affects load regulation to a smaller degree 
and the latch back characteristic instantly 
switches the regulator from an overload 
condition back into one of safe power dissi¬ 
pation. 

REMOTE SHUTDOWN 

Quite often, especially in large systems, a 
circuit failure or alarm may be required to 
remove power from the main system. Re¬ 
mote control of the 550 is relatively easy as 
shown In Figure 4-10. A current injected into 
Rx sufficient to develop Vsense across Rx will 
shut down the regulator. 

Note that for the 550 if Id • Rx is g reater than 
Vsense (Id = 125/iA), the regulator will latch in 
the shut down mode until Rx is sufficiently 
reduced. This action can be beneficial in 
avoiding the requirement for an external 
latch should the initial remote command be 


Selection of any other open collector gate 
should be based upon a breakdown at least 
2 volts higher than the maximum Vqut and 
with output leakage well below 50/iA. 

Naturally, no gate inputs or other loads 
should be tied to the line, but any number of 
gates meeting the above needs in total may 
be used In a wired-OR configuration. Tri¬ 
state outputs may not be used. Note that if 
the normal Vqut is high, the load capaci¬ 
tance may be discharged through the re¬ 
verse emitter base diodes of the pass tran¬ 
sistors and the gate. This current can be 
limited by a series resistor not to exceed 2 
kohms. Remote shut down is especially 
useful to ensure turn off of multiple supplies 
if any one supply becomes overloaded. 

A schematic showing one possible tech¬ 
nique for doing this is shown in Figure 4-12, 
where the use of open collector AND gates 
gives a simple logic structure. The diodes 
are not needed for supplies not exceeding 
the Vcc logic level, and it has been assumed 
that each supply has a load adequate to turn 
on the gate input. 

The string may be reset by shutting down 
the Vcc supply to the gates, which must be 
separate from the string of controlled sup¬ 
plies. 

Another circuit technique giving linked 
shutdown of regulators is given in the Non- 
Basic Configurations Section, (Figures 4-17 
and 4-18). 

Figure 4-13 shows another use of the latch 
capability of the 550 regulator in a remote 
latching shutdown regulator. The circuit is 
operated by TTL gates, with separate inputs 
for shutdown and unlatch (or reset). In nor¬ 
mal operation, the shutdown line is high, so 
the output of the shutdown gate is low, and 
regardless of the state of the unlatch gate, 
Vqut is set at the normal level. 

If the unlatch input is low, and the shutdown 
input goes low, the CL input will be pulled 
up by R3 (and R4 if needed), the regulator 
will shut down, and the current sourced from 
the CL terminal will latch the regulator 
shutdown, even after the shutdown line 
goes high again, while the unlatch input 
remains low. When the unlatch line goes 
high, the sourced current is taken through 
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the unlatched gate, the CL terminal drops 
below Vsense, and the regulator resets. The 
figure lists some suitable gates, but any 
open collector gate can be used for the 
unlatch gate, and any gate at all for the 
shutdown gate. If an active pullup gate is 
used in the latter position, R4 may be omit¬ 
ted. Using 8T90 gates, a pulse width into the 
shutdown input of 50ns was found adequate 
to ensure latched shutdown, although the 


regulator output in the configuration tested 
did not decay fully until more than 1/us after 
the pulse. Since this circuit uses the internal 
shutdown components, additional short cir¬ 
cuit protection would require an external 
transistor, connected to the compensation 
terminal. This basic arrangement can also 
be used with MOS logic driving the Cl input, 
although diode gating will normally be 
needed to ensure correct operation. 


NON-BASIC CONFIGURATIONS 

All the circuits discussed so far have been 
variations on the basic positive voltage reg¬ 
ulator. There are many other circuit config¬ 
urations that can be used, however, includ¬ 
ing negative voltage regulators, floating 
regulators (for voltages exceeding the maxi¬ 
mum voltage ratings) and switching regula¬ 
tors for highly efficient regulation. Many of 
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PROVIDING NEGATIVE 
REGULATOR OVERLOAD PROTECTION 



All resistor values are in ohms 


Figure 4-16 


NEGATIVE REGULATOR (LESS THAN -8.5 VOLTS) 



All resistor values are in ohms 


Figure 4-15 


CASCADING REGULATORS 


PRIME SECOND SECOND THIRD 



Figure 4-17 


the pass transistor and overload protection 
circuits discussed in the previous section 
are applicable to these configurations also. 

NEGATIVE REGULATORS 

The basic negative voltage regulator cir¬ 
cuits are shown in Figure 4-14. 

Note that for units not having the Vz termi¬ 
nal (those in 10 pin packages) an external 
6.2V Zener can be used. 

The inverting and non-inverting input con¬ 
nections are reversed, and the pass transis¬ 
tor Q1 acts as a level shifted emitter follower 
from VouT to drive the output. The regulator 
is driven from its own output, so the line 
regulation is excellent, the load regulation is 
controlled by the hpE of Q1 and the load 


regulation of the 1C. R3 must be of sufficient 
value to drive the maximum load current 
through Q1 at the minimum input voltage, 
and large enough not to draw more than 
10mA through the Internal Zener (the Vz 
terminal) at minimum load and maximum 
ViN. This places a lower limit on the hpE of 
Q1, which for large currents may need to be 
a Darlington pair or equivalent. 

The supply voltage for the regulator is de¬ 
rived from the output voltage. For this rea¬ 
son the output voltage available is limited to 
values more negative than -8.5 volts. 

A circuit such as in Figure 4-15 overcomes 
this limitation but assumes the presence of a 
positive supply. This is usually acceptable 
since the majority of negative regulator 


requirements arise from the need for sym¬ 
metrical positive and negative voltages. 

The diode and resistor frequently shown in 
negative regulator applications is necessary 
to avoid a possible forward base-collector 
bias on Q12 of Figure 4-1. Should forward 
base-collector bias occur, the regulator will 
latch up preventing regulation at initial pow¬ 
er up. The diode can be a small signal type 
with a forward current of lOO^uA. Diode 
current flows only during initial turn on and 
sees approximately two volts reverse bias 
under normal operation. The resistor 
should be of sufficient value to allow ap¬ 
proximately 100/aA to flow into the Vout 
terminal. 

Short circuit protection of negative regula- 
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POSITIVE FLOATING REGULATOR 


V|N 



REGULATED 

OUTPUT 


All resistor values are in ohms 


Figure 4-18 


NEGATIVE FLOATING REGULATOR 


V|N 



Figure 4-19 


BASIC SWITCHING REGULATOR 

\ 



Figure 4-20 


tors cannot be implemented with the cir¬ 
cuits previously described because of the 
inversion of the error ampiifier inputs. 

Protection can be provided with the addi¬ 
tion of a transistor as illustrated by Figure 4- 
16. Note that the saturation voltage of Q2 at 
the maximum current through R5 must be 
iess than the Vbe of Q1. Other components 
are not criticai. 

FLOATING REGULATORS 

So far only output voltages less than the 40 
volt maximum ratings of the 550 have been 
covered. The maximum voltage limitation 
can be overcome by using floating regulator 
techniques. 

The limits on Vin can be overcome by using 
a preregulator to feed the V+ and Vc lines, 
but the VouT limitation requires greater 
sophistication. The circuits of Figures 4-18 
and 4-19 show two techniques that can be 
used to give output voltages well outside the 
range of the 1C device. 

In both circuits, R3 and CR1 provide a low 
voltage supply to preregulate the Input volt¬ 


age to a level within the 1C ratings. The 
circuits of Figure 4-18 connects the internal 
pass transistor in the grounded emitter con¬ 
figuration through the 6.2 volt zener Vz with 
overload protection provided by R6. Cas¬ 
caded into the pass transistor is the high 
voltage transistor Q1 which provides level 
translation and voltage control to Q2, the 
pass transistor. 

Short circuit protection can be arranged by 
removing base drive from Q2 is desired. 

SWITCHING REGULATORS 

Up to this point only series dissipative regu¬ 
lators have been discussed. All circuits pre¬ 
sented thus far have the disadvantage of low 
efficiency. By definition these regulators 
must dissipate the power difference be¬ 
tween input and output voltage and the load 
current such that 

(Equation 4-18) 

Pd = II (Vin - Vqut) 

This Is in addition to the standby power 
dissipation of the regulator circuit itself. 


Thus, it becomes prohibitive in terms of 
efficiency to build a dissipative regulator 
with high output currents and high input to 
output voltage differentials. These parame¬ 
ters are best implemented with a switching 
type regulator taking advantage of the very 
high efficiency of such a circuit. By using 
the switching technique the power transis¬ 
tor requirements and its associated heat 
sink size can be greatly reduced. 

Switching regulators consist of a switch S, a 
level detector, and an LC network LI, Cl as 
depicted in Figure 4-20. The cycle begins 
when switch S is closed causing a nearly 
linear current to build up through LI. This 
current, less the load current, charges Cl 
until the upper threshold of the detector is 
reached. 

At this point SI is opened and D1 forward 
conducts eventually discharging Cl 
through LI to the lower threshold limit at 
which time SI closes, restarting the se¬ 
quence. A sketch of the basic waveforms is 
shown in Figure 4-21 for two different duty 
cycles. The output voltage is a function of 
the duty cycle of the switching waveform. 
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SWITCHING REGULATOR WAVEFORMS 



Therefore, regulation can be achieved if the 
duty cycle is made variable as is the case 
with switching regulators. The detailed the¬ 
ory and design of switching regulators Is 
complex, but the basic operation makes the 
following assumptions: 

1. Operating frequency well above resonant 
frequency of L and C. 

2. Harmonics of input square wave are at¬ 
tenuated. 

3. Phase shift of lowest frequency is 180®. 

The last assumption provides the minimum 
output ripple at close to the hysteresis limits 
of the threshold control device. 

The frequency of operation Is a function of 
load levels, input voltage levels, and thresh¬ 
old levels. Although it is possible to syn¬ 
chronize the switching frequency with an 
external source, the electrical interference 
problem usually requires that the regulator 
be well shielded. The choice of operating 
frequency is in general a compromise be¬ 
tween the inductor size becoming prohibi¬ 
tive at low frequencies, and switching losses 
in D1 and SI becoming excessive at high 
frequencies. Values between 10 and 25kHz 
are normally satisfactory. Note that the load 
current flows as a dc current through LI, 
and that the peak current Imax can be quite a 
bit more than that. The inductor should not 
saturate at that level, or the frequency will 
increase abruptly, the efficiency will fall 
rapidly, and potential disaster will ensue. 
The diode and switch must also handle 
Imax. There is a considerable high frequen¬ 
cy ripple current in C1 of ^ (Imax - lout). The 
component used must be capable of han¬ 
dling that current. 

A circuit realization for Figure 4-20 Is shown 
in Figure 4-22. The switch SI is replaced by 
a Darlington pnp pair Q1 and Q2 and the 
threshold detector by the 550 device, driv¬ 
ing Q1 and Q2 from the Vc pin. 


The peak driving current through the 550 is 
set by Rsc. This does not, of course, protect 
the whole regulator, just the 550 itself. The 
threshold values are set by Vref in combi¬ 
nation with R1 and R2, and the threshold 
hysteresis is controlled by R3 and the inter¬ 
nal impedance of Vref (about 2kn), as de¬ 
rived from the voltage across D1. The capac¬ 
itor across R1 reduces the ripple on the 
output by Increasing the feedback at ripple 
frequencies. Diode D2 prevents the possi¬ 
bility of initial latchup in the 550. A similar 
circuit can be used for the ^tA723, if a resis¬ 
tor of 1—2kn is included between Vref and 
the junction of R3 and the non-inverting 
input, and the values of R1 and R2 are 
modified to suit the different Vref value. 

The component values may be chosen by 
the following algorithm, which is approxi¬ 
mate: 

Neglecting switching transients, 

VoUT = tONfViN 

where toN is the time SI is on, and f is the 
frequency of operation, so having chosen f 
for some Vin, and knowing Vout. 

(Equation 4-19) 



The current In L1 increases almost linearly 
during toN, so we may find L1 from louT, 
Imax, and toN, or toFF 

(Equation 4-20) 

_ (ViN - VouT)(toN) _ Vout topF 
^ 2 (Imax - lour) 2 (Imax - Iout) 

The output ripple is derived from the differ¬ 
ence between IL1 and Iout charging C1, so 
for a given output ripple AVqut, we can 
write 


(Equation 4-21) 

r = *MAX - Iout _ Vin - Vout / Vout\ 

^ 4fAVoUT 8L1f2V|N * y AVoUTy 

Note that if we put 

ViN - Vout _ 

ViN 

we find 

(Equation 4-22) 

f 1 , / AVqut \ 

(8L1C1)1/2 yAVouT/ 

The values of LI and Cl also control the 
load transient response. The voltage over¬ 
shoot for a load decrease of AIout is 

(Equation 4-23a) 

/AlouTtrX _ /AIout2\/L1\ 
AVout= - (-vssrj (,^j 

where the recovery time 

(Equation 4-23b) 

(is) 

and for a load increase of AIout is 

(Equation 4-23c) 

_AloUTtr _ ( AIout2 \ Z' L1 \ 

aVout- -2cT- - \ viS--V out Aery 
and 

(Equation 4-23d) 

The exact frequency of oscillation and, in 
fact, the functionality of the circuit depends 
upon the parasitic components. From the 
preceding equations it follows that the cir¬ 
cuit as shown will not sustain oscillation. 
Fortunately the imperfections of compo¬ 
nents comes to the rescue and the circuit is 
restored to operation by the parasitic ele¬ 
ments Indicated in Figure 4-23. The most 
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important of these is the series resistance of 
C1, Rc. 

The effective series resistance of the induc¬ 
tor Rl also contributes, and the storage in 
diode D1 adds a small step. These contribu¬ 
tions are indicated in the waveforms of 
Figure 4-24. All generate a difference in 
VouT at the two switching points, which of 
course must correspond to the hysteresis in 
the threshold detector. Acting in the oppo¬ 
site direction are the delay, and the rise and 
fall times in the switch. 

Considering first the effect of Rc, we may 
write at once (even through we don’t know 
the value of Rc), 

(Equation 4-24) 

Vt/r = 2(1 MAX - lOUT) Rc 

Rc 

Substituting into equations 4-18 and 4-19, 
we obtain 

(Equation 4-25) 

f = VouT / 1 \ = Vqut /. Vqut \ 
viN ytoNy vt y viN y 2L1 


The easiest way to establish the effect of Rl 
I s to assess the phase change for the first 
harmonic of the waveform on Vdi. This 
procedure is at best approximate, but ex¬ 
cept for extreme duty cycles, the higher 
harmonics at the Input are smaller than the 
first. Since the attenuation of L and C is at 
12dB per octave, the influence on the an¬ 
swer obtained of these harmonics is small. It 
is convenient to treat the switching delays in 
SI as a phase change at the same point. 

This total phase change can then be written 

(Equation 4-26) 


where 

1 

ts= Y (tr + tf) 

This leads to a threshold voltage difference 
at the switching points (assuming the phase 
change is small) of 


(Equation 4-27) 


Vt|R|_ = AVoUTSin (yrf tON) “ ^Trf tsj 


= VouTsin 


/ ttVouA 

2rrft1 

1 ; 

L27rfL1 ^TrftsJ 


The stored charge in the transistor forming 
SI is primarily introduced by the threshold 
detector, and its removal can be included in 
the fall time tf accounted for in equation 4- 
26. The charge removal from the diode is 
performed by SI, which passes a current 
surge when switching on. This current does 
not pass through LI and has no influence 
on the remainder of the circuit. However, 
the charge needed to turn the diode on is 
provided by the current in LI. The voltage 
impulse needed to do this gives a current 
step in Ili given by 


I = QdRd 
L1 

where Qd is the stored charge, and Rd is the 
effective series Impedance of the diode. 
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This leads to an effective Vt of approxi¬ 
mately 


(Equation 4-28) 



The waveforms resulting from these various 
terms are sketched in Figure 4-24. 

Note that in the circuit of Figure 4-22, the 
value of Vt at which the circuit operates is a 
function of Vin, so the frequency may be 
approximated by 

(Equation 4-29) 

f ( FIs \/ Vqut \ / 1 Vout \ / Rc \ 
VRint/V Vin )\ Vin A / 

where Rint is the internal reference imped¬ 
ance, about 2Kn. 


As a function of Vin, we can see that f will be 
low for both high and low values of Vin and it 
will go through a maximum to the point near 
where Vin == 2 Vout. 

The value of Rc can be estimated from 
equation 4-28 and gives a value of 0.35 to 
0.40. Since the performance of the circuit 
depends to some extent on the effective 
series impedance of C1, which may not be 
sufficiently well controlled for some appli¬ 
cations, it may be worthwhile to place a 
small value resistor in series with C1 to 
reduce circuit to circuit variation. 

In applications where the frequency of op¬ 
eration is important (such as EMI supres- 
sion), the regulator may be locked to an 
external signal by means of the circuit of 
Figure 4-25. 


The incoming signal is converted to a tri¬ 
angle wave by R3 and C3, and added to the 
reference voltage. If the drive signal is al¬ 
ready a triangle wave, (derived from pin 4 of 
a 566 oscillator) C3 can be omitted, and R3 
increased to about lOOKO. The amplitude of 
the triangle wave at the reference pin must 
exceed the amplitude of the ripple on Vout, 
(50mV is suitable for normal use). The duty 
cycle of the switching pulse is controlled by 
the relative values of Vout and the (referred) 
Vref with impressed triangle, thus ensuring 
the required regulation. The remainder of 
the circuit operates as precisely as before. 
Note that neither switching point is con¬ 
trolled in phase relative to the controlling 
waveform. Thus, spikes from other con¬ 
trolled regulators could cause false switch¬ 
ing if inadequately shielded from each oth¬ 
er. The line regulation is closely related to 
the amplitude of the triangle wave. The gain 
of the amplifier is adequate to give sharp 
switching transitions, even without explicit 
positive feedback. 

A negative switching regulator may be con¬ 
structed similarly, as shown in Figure 4-26. 
The same basic restrictions apply here as in 
the simple negative regulator of Figure 4-14, 
the output voltage must be at least -8.5V 
unless a positive supply is available. The 
basic operation is the same as before. An 
alternative negative switching regulator is 
shown in Figure 4-27. This circuit always 
needs a positive supply. 

All these regulators suffer from a lack of 
short circuit protection. The difficulty in 
providing protection is that the regulator 
must continue to switch. If it does not, the 
switching transistors will become pass tran¬ 
sistors with an extreme increase in dissipa¬ 
tion! 


SYNCHRONIZED SWITCHING REGULATOR 

V|N 



ALL RESISTOR VALUES ARE IN OHMS 


Figure 4-25 


NEGATIVE SWITCHING REGULATOR 



SWITCHING REGULATOR 
(LESS THAN -8.5 VOLTS) 
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SHORT CIRCUIT PROTECTION 

V|N 



ALL RESISTOR VALUES ARE IN OHMS 

Figure 4-28 


SENSING INDUCTOR CURRENT 



Figure 4-29 


REDUCING REGULATOR NOISE 


VlN 



REGULATED 

OUTPUT 


V|N 



REGULATED 

OUTPUT 


In general, the best way to arrange for 
continued switching is to modify the voltage 
feedback to the amplifier in order to effec¬ 
tively maintain Vref at the comparison point 
even in shutdown. This can be achieved 
simply by sensing the current In the switch¬ 
ing transistor, as shown in Figure 4-28. 

This has a disadvantage In that the current 
surge when the transistor switches the di¬ 
ode off must be allowed for, and the limit 
point is somewhat dependent on duty cycle. 
A better arrangement is shown in Figure 4- 
29. This needs more external transistors, 
but gives much better control since the 
current through the inductor is sensed. 


The current derived Is used to raise the 
apparent output voltage as seen at the in¬ 
verting Input. Since the amplifier will not 
work with Vout at ground, the Vz output is 
tied to ground. The Vz output can be tied to 
Vout, avoiding the waste of that current, if 
the Input-output differential is large 
enough. Note that this technique can be 
applied to the negative regulator shown in 
Figure 4-27, (provided V+ is more than 8.5V), 
but not to that of Figure 4-26. 

Since the dissipation in the switching de¬ 
vices Is not very dependent on either Vin or 
Vout, the elaborate protection schemes 
devised for the pass transistor case are not 


really applicable here. For applications 
where the ripple, transient and regulation 
performance of the switching regulators are 
unacceptable, a combination of a switching 
regulator which gives highly efficient pre¬ 
regulation for a static regulator may provide 
a satisfactory solution. 

NOISE, TEMPERATURE 
EFFECTS, AND TRANSIENT 
RESPONSE 

An almost inherent property of reverse bi¬ 
ased junctions of the emitter base type is 
voltage noise at breakdown as a result of so- 
called microplasmas. The noise arises as a 
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result of space-charge induced instability of 
the breakdown of localized minor imperfec¬ 
tions and irregularities. The inherently 
clean and defect free processing used for 
integrated circuits reduces this effect to a 
minimum, but the statistical inevitabilities of 
diffusion processes have sufficient irregu¬ 
larity to lead to some small noise genera¬ 
tion. The characteristic noise pattern is 
displayed as step-function current change 
as each microplasma switches on and off. 
Each microplasma switches at roughly con¬ 
stant voltages, leading to approximately 
constant voltage transitions. 

Since the reference voltage for the 550 is 
derived from the breakdown of the emitter- 
base junction, this noise will appear at the 
reference terminal. Transformed by the in¬ 
ternal network between the zener diode and 
the reference terminal, this is the major 
component of noise in the regulator. For 
applications where the noise level could be 
troublesome, it can be reduced by putting a 
low pass filter between the zener and the 
amplifier input. The low frequency compo¬ 
nent of the noise is quite small. Since the 
internal reference impedance of the 550 is 
2Ka, placing a capacitor between Vref and 
ground will generally be all that is required. 

In circuits where the reference is divided 
down, the divider impedance provides some 
effective series resistance, but in other ap¬ 
plications better results may be obtained by 
the use of a simple series RC network. 
Suitable circuits are shown in Figures 4-30a 
and 4-30b. 

The line and load regulation performance 
discussed in previous sections and present¬ 
ed in the data sheets are all values defined 
and measured under such conditions that 


the die temperature is constant. The circuit 
dissipation is changed by changes in input 
line voltage and load current. Therefore, the 
consequent changes in die temperature, 
which primarily affects the reference volt¬ 
age, must be accounted for separately. The 
temperature effects are certainly not negli¬ 
gible in many applications. 

A regulator operating at 10Vin and 5Vout 
with a load current that steps from 1mA to 
50mA will have a short time (1-10msec) 
output voltage change of typically under 
3mV. The dissipation increases, however, 
by 250mW, leading to a temperature rise of 
about 25°C at the die. With temperature 
coefficient of 0.005%/°C, this leads to an 
output voltage change of 6mV, twice the 
short time value. If the input voltage had 
been higher, say 15V, the same load step 
would eventually result in about four times 
the voltage change, though the short term 
change would not be affected significantly. 

The effects of transient line and load 
changes are primarily concerned with the 
impulse response of the amplifier, which in 
turn depends on the compensation and 
external connections involved in the partic¬ 
ular circuit being used. Typical transient 
responses for simple configurations are 
given for the 550 in Figure 4-31. 

There are three effects to be considered, 
then, upon imposition of a line or load step 
to a regulator circuit; the initial reaction is 
controlled by the transient response. After a 
few microseconds, the transient dies away 
and the response becomes the data sheet 
defined regulation. After a time of many tens 
of milliseconds, the changing die tempera¬ 
ture begins to take effect. After perhaps one 
minute, the die temperature stabilizes and 


no further changes occur. As mentioned 
above, each of these effects is effectively 
separate, and should be allowed for sepa¬ 
rately. 

3 TERMINAL REGULATORS 
Introduction 

The iuA7800 and 78HV00 series regulators 
are monolithic three terminal devices in¬ 
tended for fixed voltage outputs. Since no 
external elements are required they are 
excellent candidates for PC card and 
subsystem regulation. With the use of these 
devices much system crosstalk and power 
supply distributed noise can be eliminated. 

These devices are available in 5,6, 8,12,15, 
18 and 24 volts, positive or negative, with 3 
output current ratings. The voltage and 
power output ranges are designated as 
follows: 
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SERIES 

PACKAGE 

7800 

TO-3 

7800C 

TO-3 

7800C 

TO-220 

78MOO 

TO-39 

78MOOC 

TO-39 

78MOOC 

TO-220 

UNIT 

Maximum junction temperature, 
Tj(MAX) 

150 

125 

125 

175 

175 

125 

°C 

Minimum ambient temperature, 
Tj(MIN) 

-55 

0 

0 

-55 

0 

0 

°c 

Thermal resistance 
junction-to-case, 0jc 

4 

4 

4 

20 

20 

5 

°c/w 

Thermal resistance 
junction-to-case, 0ja 

35 

35 

50 

150 

150 

50 

°c/w 

Maximum allowable dissipation, 
Pd(MAX) 

15 

15 

15 

5 

5 

5 

w 


The ;uA78HV00 has a unique process which 
gives an input breakdown voltage greater 
than 60 volts. Standard operating condi¬ 
tions allow the input voltage to be as high as 
48 volts continuous. Transients and mo¬ 
mentary inputs may be as high as 60 volts 
without damaging the regulator. Under 
these high input conditions, the regulator 
may go into current limiting or thermal 
shutdown. 

Voltages other than those listed are also 
available upon special order. 

Applications 

As with any voltage distribution system, 
effort should be expended to keep the out¬ 
put impedance of three terminal regulators 
as low as possible. 

Possessing 20 to 30 milliohms output im¬ 
pedance at low frequencies, the regulator’s 
output impedance will increase with fre¬ 
quency. This becomes significant, especial¬ 
ly in TTL systems, where current impulses 
from the logic are in the Megahertz regions. 


Figure 4-32 

Thus it becomes necessary to bypass the 
supply lines for high frequencies to insure 
stability and error free operation. The best 
technique for achieving low impedance at 
all frequencies isto use a large tantalum (10- 
47Atfd) in parallel with small (0.01 jufd) disc 
ceramics. In systems where fairly large 
printed circuit boards are used, the disc 
ceramics should be disbursed upon the 
board to neutralize the trace inductance. No 
other stabilization techniques should be re¬ 
quired. 

Thermal Limitations 

The maximum allowable junction tempera¬ 
ture and the ambient temperature expected 
determine whether a heat sink will be re¬ 
quired for a particular regulator application. 

As seen from the derating curves of Figure 
4-32 the maximum no heat sink power dissi¬ 
pation allowable for the TO-3 is 3 watts and 
for the TO-220 is 2 watts. Above 25°C this 
must be derated according to the relation¬ 
ship 


(Equation 4-30) 

TJ (MAX) - Ta 

0JA 

Figure 4-32 summarizes the maximum junc¬ 
tion temperature and thermal resistivities of 
the TO-3 and TO-220 packages. The power 
dissipation qualities of heat sinks are usual¬ 
ly well established by the manufacturer. 
Since the common terminal of these devices 
is common they may be bolted directly to 
the chassis, using the surface area as the 
heat sink. 

Figure 4-33 provides a selection chart which 
relates surface area of the chassis material 
to the thermal resistivity. It should be noted 
that the surface area refers to both sides of 
the material. 

In order to find a thermal resistivity scribe a 
vertical line from the surface area across the 
appropriate material. 

Heat Sinks 

As a further aid in determining which pack¬ 
age/heat sink combination is best suited to 
a given application, the following nomo¬ 
graph (Figure 4-35) solves for 0ja from basic 
current, input/output voltage differential 
and ambient temperature information. The 
package thermal resistances have been su¬ 
perimposed on the0jA line E. If the required 
0JA is less than 0jc for a package, then that 
package cannot be considered. Even if an 
infinite heat sink were possible, the junction 
temperature would exceed 125°C. If the 
required 0ja is greater than 0ja for a pack¬ 
age, that package may be used without a 
heat sink. In all other cases a package/heat 
sink combination is necessary. Subtract 
0JC for the preferred package from the 
required 0ja to arrive at the necessary heat 
sink thermal resistance 0hs. 

To use the nomograph, select the maximum 
load current on Line A and the maximum 
input/output voltage differential on Line D. 
The line joining these points intersects Line 
B at a point representing the maximum 


HEAT SINK MATERIAL SELECTION GUIDE 
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determine either area required or thermal resistanceof a given area, draw a vertical 
ween the top (or area) line down to the material of interest. 


line 


Figure 4-33 


666 


BignOtiCB 






Voltage Regulators 


^ PACKAGE/HEAT SINK NOMOGRAPH 

MAXIMUM 

CURRENT 

A 



power dissipation. Join this Line B intersec¬ 
tion to a point on Line C representing the 
maximum expected ambient temperature. 
Extend this line so it intersects Line E. The 
Line E intersection represents the total 
junction-to-amblent thermal resistance re¬ 
quired for the particular application. If the 
Line E intersection falls above the junction- 
to-ambient thermal resistance, 0ja, no heat 
sink is required. 

To determine the thermal resistance of a 
heat sink, subtract the junction-to-case 
thermal resistance, 0jc, of the selected 
package from the Line E intersection. 

• For TO-39, subtract 20°C/W 

• For TO-3, subtract 4°C/W 

• For TO-220, subtract 4°C/W 

Example: 

Choose a regulator to supply 275mA (max) 
with an input/output voltage differential of 
6V (max) at an ambient temperature of50°C 


(max). Join the 275mA point on Line A to the 
6V point on Line D. The intersection with 
Line B gives a power dissipation of 1.7W. 
Join 1.7W to the 50°C point on Line C and 
extrapolate to an intersection with Line E. 
This gives a total junction-to-ambient ther¬ 
mal resistance requirement of 45°C/W. The 
regulator package choices are 

• A TO-39 package with a heat sink of 
25°C/W thermal resistance (subtract 
20°C/W 0jc). 

• A TO-220 package with a heat sink of 
41°C/W thermal resistance (subtract 
4°C/W0jc). 

• A TO-3 package with no heat sink 
(45°C/W falls above 0ja for the TO-3). 

Additional Applications Ideas 

The versatility of the 7800 family of regula¬ 
tors may be increased beyond the basic 3- 
terminal use by the addition of external 
components. The following applications 
contain circuits which cover the range of 


0.5V to 30V output, and output currents in 
excess of 10A. Note that apart from power 
considerations the 7800 and 78M00 devices 
are interchangeable in all applications. 

Fixed Output Regulator 

In this basic application of Figure 4-35, the 
last two digits of the device code specify the 
nominal output voltage. The insulating 
washer normally used when heat-sinking a 
power transistor may be omitted when 
mounting the regulator since the case of the 
device is at ground potential. This is true 
unless circulating ground currents are a 
problem. 

Current Regulator 

The circuit shown in Figure 4-36 supplies a 
regulated current to a load, its value being 
determined by an external resistor. The 
minimum input/output differential in this 
application is (minimum regulator input/ 
output differential voltage) + (maximum 
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BASIC FIXED OUTPUT REGULATOR 
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Figure 4-35 




HIGH CURRENT REGULATORS 
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Figure 4-37 
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Figure 4-36 


VARIABLE OUTPUT REGULATOR 
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Figure 4-39 


regulator output voltage). For currents up to 
1A 0° C to 70° C, this voltage is typically 2.2V 
4- 5.25V, or 7.45V. 

High Current Voltage Regulators 

Currents in excess ofthe output capabilities 
of the basic regulator can be obtained with 
the circuit shown in Figure 4-37. The value 
of R1 determines the point at which Q1 
begins to conduct and hence bypasses the 
regulator. This supply can be protected 
against a short circuit load by adding a short 
circuit sense resistor, R2, and a pnp transis¬ 
tor Q2. In this circuit Q2 must be able to 
handle the short circuit current of the 
regulator, since when Q1 is bypassed, the 
regulator goes into its short-circuit mode. 

Variable Output Voltage 
Regulators 

In Figure 4-38 a voltage pedestal is devel¬ 
oped across R2, which is then added to the 
normal regulated output Vxx, such that 

Vo = Vxx (l+ lqR2 


The current through R1 should be set much 
higher than the quiescent current Iq to 
minimize the effects of the change in Iq 
which occurs with a change in Vin. 

Switching Regulators 

A switching regulator may be used in those 
cases where the dissipation of a linear 
regulator is excessive. Figure 4-39 shows 
that when power is first applied, current 
flows through R3 and the 7800 device to the 
output. As soon as the current generates a 
voltage drop sufficient to forward bias QTs 
base-emitter junction, Q1 is driven toward 
saturation. The increase in voltage at the 
collector applies power through L1 to the 
load and provides positive feedback 
through R1 and R2 to assure a full switching 
action. As the output voltage approaches 
the sum of the 7800 regulated output plus 
the voltage developed across R2, current 
flow through the 7800 decreases 

Input voltages in excess of the maximum 
input voltage rating of the regulator may be 
commodated by the Inclusion of a voltage 
dropping Zener (D1), This reduces the 


voltage appearing across leads 1 and 3 of 
the 7800 to an acceptable level. 

When the base current drops below the level 
required to keep Q1 in saturation, the 
collector voltage starts to decrease and the 
positive feedback loop completes the 
switching action. 

mA7814 

There is a sufficient requirement for a power 
supply output voltage of 13.8 volts. There¬ 
fore, Signetics Analog now offers the 
/uA7814 type 1 amp three terminal regulator 
with 13.8 volts nominal output. 

One of the main requirements for this 13.8 
volt regulator is for AC line operation of 
automotive type equipment. With the in¬ 
crease in the number of CB sets and the 
servicing required on CB, AM/FM stereo 
radio, the battery substitution power supply 
is becoming more prevalent. Another major 
need for battery substitution power supplies 
Is in the home operation of the portable 
automotive equipment. The portable CB 
can be removed from the vehicle to prevent 
theft and also utilized in the home with a 
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battery substitution power supply using the 
mA7814. 

NEGATIVE REGULATORS 
Introduction 

The aiA 79 series regulators are monolithic 
three terminal devices intended for negative 
fixed voltage outputs. They are an excellent 
choice for PC card and subsystem regula¬ 
tion due to their self-contained simplicity. 
These devices are available in negative 5,6, 
8, 12, 15, 18 and 24 volts. The voltage and 
power output ranges are designated as fol¬ 
lows: 

7905 


TYPICAL APPLICATIONS 
)lxA79XX series 






500mA 



79M 05 


1 Amp 

5 Volt Output 


Output 

Current 


5 Volt Output 


Voltages other than those listed are also 
available upon special order. 


Applications 

As with the /uA78 voltage regulators, effort 
should be made to keep the output imped¬ 
ance as low as possible. This is accom¬ 
plished with bypass on the supply lines for 
high frequencies to insure stability and 



error-free operation. Use a large tantalum 
(10-47/xfd) in parallel with a small (.01/ufd) 
disc ceramic. Output bypass capacitors will 
improve the transient response of the 
regulator. A good high frequency ceramic 
or tantalum of 1/xf will generally suffice. 
Keep lead lengths as short as possible. 

All of the applications for Signetics positive 
regulators can be used with the negative 
regulators. The polarities are inversed, the 
sense diode is reversed and the pnp’s are 
replaced with NPN transistors. Specific cir¬ 
cuit configurations follow: 
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VARIABLE OUTPUT VOLTAGE, 
-30V TO -7V 




NEGATIVE OUTPUT VOLTAGE CIRCUIT 



POSITIVE AND NEGATIVE TRACKING 
VOLTAGE REGULATOR 



PROGRAMMABLE 

REGULATORS 

Introduction 

The juA78G and fxA79G are positive and 
negative programmable regulators respec¬ 
tively. They are Identical to their /xA78 and 
ijlA79 counterparts with the exception to the 
reference to the error amplifier being 
brought out and the voltage determining 
divider being supplied by the circuit design¬ 
er rather than internal to the regulator. The 
voltage may be adjusted over the range of 5 
to 30V for the /iA78G and )uA79G from -30 to 
-2.2 volts. They have the same inherent 
feature that other devices in the series have. 

Applications 

The basic programmable voltage regulator 
circuits and design considerations follow. 

DESIGN CONSIDERATIONS 

The 78G and 79G adjustable voltage regula¬ 
tors have an output voltage which varies 
from VcoNTROL to typically Vin - 2V by Vout 

(R1 + R2) , 

= VcoNTROL — rr -. The nominal refer- 

R2 

ence in the 78G is 5.0V and 79G is -2.23V. If 
we allow 1.0mA to flow in the control string 
to eliminate bias current effects, we can 
make R2 = 5kn in the 78G. The output 
voltage is then: Vout = (R1 +R2)V, where R1 
and R2 are in kOs. 


Example: If R2 = 5kft and R1 = 10kn then 

Vout = 16V nominal, for the 78G: 
R2 = 2.2kn and R1 = 12.8ka then 
Vout = -15.2V typical, for the 79G. 

By proper wiring of the feedback resistors, 
load regulation of the devices can be im¬ 
proved significantly. 


Both 78G and 79G regulators have thermal 
overload protection from excessive power, 
internal short circuit protection which limits 
each circuit’s maximum current, and output 
transistor safe area protection for reducing 
the output current as the voltage across 
each pass transistor is increased. 


Although the internal power dissipation is 
limited, the junction temperature must be 
kept below the maximum specified temper¬ 
ature in order to meet data sheet specifica¬ 
tions. To calculate the maximum junction 
temperature or heat sink required, the fol¬ 
lowing thermal resistance values should be 
used: 


Package 0jc 


0JC 


^JA 


0JA 


TAB^^ 7.5*’C/W 11°C/W 75*’C/W SO^C/V 

TO-3 4.0° C/W 6°C/W 44°C/W 47°C/V 

Po(MAX)^ ^^^MAX)-T. ^ T.JMAX)- 
Ojc + Oca Oja 


(Without a heat sink) 


Oca = Ocs + OsA 

Solving for Tj: Tj = Ta +- Pd (0jc + Oca) or Ta + 
Pd^ja (Without heat sink) 


Where Tj = Junction Temperature 
Ta = Ambient Temperature 
Pd = Power Dissipation 
Oj-A - Junction to ambient thermal 
resistance 

Ojc = Junction to case thermal 
resistance 

Oca = Case to ambient thermal 
resistance 

Ocs = Case to heat sink resistance 
OsA = Heat sink to ambient thermal 
resistance 


/uA78G AND ;uA79G 
POWER TAB (U1) PACKAGE 
WORST CASE POWER DISSIPATION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 


5 

I 

z 

g 


Q 

oc 

5 

o 



25 50 75 100 125 150 

AMBIENT TEMPERATURE- °C 
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TEST LOAD CIRCUITS 




TYPICAL APPLICATIONS FOR 
mA78G 

In many juA78G applications, compensation 
capacitors may not be required. However, 
for stable operation of the regulator over all 
input voltage and output current ranges, 
bypassing of the input and output (0.33^tF 
and 0.1/xF, respectively) is recommended. 
Input bypassing Is necessary if the regulator 
is located far from the filter capacitor of the 
power supply. Bypassing the output will 
improve the transient response of the regu¬ 
lator. 
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TYPICAL APPLICATIONS FOR mA78G (Cont d) 




NE/SE5554 DUAL TRACKING 
REGULATOR 

The Signetics NE/SE5554 is a monolithic 
dual tracking regulator designed for use 
where dual supplies must track with close 
tolerances. It was designed with ease of 
production and high performance in mind. 
The intent was to supply a product which 
has performance surpassing its intended 
need and no additional features. 

The device Is composed of a negative, zener 
referenced regulator with an inverting 
amplifier-follower. The zener regulator has 
a zener controlled current source and a 
forward biased diode for temp, compensa¬ 
tion. This classical reference was used for 
one main reason . . . simplicity. The main 
justification to use this is the devices in¬ 
tended use. Considering 4 basic contribu¬ 
tors to output voltage change, (1) Line regu¬ 
lation, (2) Load regulation, (3) Temperature 
Coefficient, (4) Popcorn noise, all of these, 
and combinations of them, are small con¬ 
sidering the uses this device is intended for: 

1. Op-Amp Supplies 

2. Sense-Amp Supplies 

3. Analog Signal Processors (Driver-Gates, 
Mpx, etc.) 

4. MOS-LSI Systems 

5. Communications Circuits 

These applications all have excellent power 
supply rejection or limited need for very 
close control of slight variations on supply 
lines. In short, it is an attempt to supply a 
customer with a device designed for his 
uses, but not costing money for features he 
doesn’t need. 

Both actual regulators are differential am¬ 
plifiers followed by a gain stage followed by 
a Darlington with current limit. The negative 
regulator is the complement of the positive 
with the exception that the output stage is a 
compound PNP. The 5554 is essentially a 
dual 78M regulator. 

The voltage dividers around the zener set 


the actual reference at 5 volts and allow 
positive and negative output voltages to be 
programmed conveniently. The various re¬ 
sistor values available with metal mask op¬ 
tions, allow many different output voltage 
options as well as externally controlling 
output voltages by programming resistors 
to +Vout, -Vout, control and null. 

The output current limit of 200mA was cho¬ 
sen as a compromise. The 100mA limit of the 
78LXX Family Is only marginally useful for 
many systems, where 0.5 amp is too much 
dissipation for two regulators in a TO-5 
package thus, the 200mA limit. 

The regulators were designed to be on-chip 
compensated so external capacitors are not 


needed. This is a great advantage as most of 
the currently available devices require 10/xf 
output capacitors or other cumbersome 
externally compensation. 

The performance expectations reflect the 
intended use: 

Vout Tolerance 5% 

Vout Regulation 1% 

(Load & Line) 

Vout Temp. Coefficient 65PPM/°C 

Vout Noise lOOyuVRMS 

10Hz-10kHz 

The intended use being power supplies, not 
reference supplies. Most devices these re¬ 
gulators would be driving have excellent 
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power supply rejection, such as operational 
amplifiers, Analog switches, MOS logic, 
communication circuits, and will not be 
adversely affected by the output voltage 
tolerances, including noise and tempera¬ 
ture coefficient. 

The initial output voltages of the 5554 will 
track exactly but the absolute pos voltage 
will be different from the absolute neg volt¬ 
age. This is due to small process variations 
in the internal balance resistors. 

NE/SE5554 DUAL TRACKING 
REGULATOR APPLICATION 
NOTE 

For most applications, this difference is of 
no concern. For those applications where 
exact positive and negative voltages are 
necessary external balance potentiometer 
may be added as shown. 



This output balance control may be used to 
change the positive regulated voltage from 
about 0.2 volts to > 16 volts without chang¬ 
ing the negative regulated voltage. 

To change the negative regulator voltage 
from its fixed value it is necessary to use the 


control function. With zero resistance be¬ 
tween the control pin and -Vqut, the output 
will be ±5.0 volts. Increasing the resistance 
to 50K will give full output. This control, in 
conjunction with the balance, can give out¬ 
put voltage of ±5V to about ±Vin - 3 volts. 


VARIABLE OUTPUT TRACKING 
REGULATOR 


_ 1 


.... 


1 _ 

13 

NE/SE 

3 5554 

BALANCE 4 
- 

< 

CONTROL 

-’OUT 

► 50K 


“ 


50K 




-- —^ »UUT 


In order to prevent instability in this circuit 
when the control resistance approaches 
zero ohms, it is necessary to use a filter 


capacitor on -Vqut of 0.1 ^uf or larger to 
ground. A' 10/uf from +VouT and -Vqut to 
ground will improve transient response, 
where this is of concern. 

Increasing output above 
±15 volts on NE/SE5554 

To increase the regulated output above ±15 
volts, it is necessary to trim the op amp 
negative input reference resistor (Ri in the 
NE/SE5554 equivalent circuit). 



HIGH CURRENT DUAL 
TRACKING REGULATOR 



-20 VOLTS 


/3(Q)> 


Iout(MAX) 

Ireq(MAX) 


R1 = R2 = 


_ /3vbe _ 

IrEG(MAX) (/3.+ I)-IOUT(MAX) 
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INTRODUCTION 

Large systems are comprised of many dif¬ 
ferent subsystems, all of which must inter¬ 
face to compiete the system. Aii types of 
circuits, including linear, digital and dis¬ 
crete are often used in the subsystems. 

Interface circuits provide the necessary 
function of tying the parts of a system to¬ 
gether. These circuits are usualiy not purely 
linear or digital but contain both types of 
circuit functions. For instance, sense ampli¬ 
fiers are designed for Interface between low 
level memory outputs and bipolar levels, 
while differential comparators are designed 
for interface between analog systems and 
TTL/DTL systems. In general, this section 
will cover such devices as comparators, 
sense amplifiers, line drivers/receivers, and 
display drivers. 

CONVERTERS 

Digital computers, digital communications, 
digital instruments and displays have creat¬ 
ed a demand for low cost reliable convert¬ 
ers. Key factors in this demand are: 

• The need to communicate with digital 
computers for processing and storage of 
analog signals. 

• Severe limitations encountered in reli¬ 
able analog data transmission over any 
considerable distance. 

• The need for more easily readable dis¬ 
plays. 

General application areas for converters 
Include: Data processing, data trans¬ 
mission, graphics and displays, audio sys¬ 
tems, control systems and arithmetic opera¬ 
tions. 

Specific Appiications 
Test Systems 

• Transistor tester (Force Ib and Ic) 

• Resistor matching (Use both outputs) 

• Programmable power supplies 

• Programmable pulse generators 

• Programmable current source 

• Function generators (ROM drive) 

Arithmetic Operations 

• Analog division by a digital word 

• Analog quotient of 2 digital words 

• Analog product of 2 digital words— 
squaring 

• Addition and subtraction with analog 
output 

• Magnitude comparison of 2 digital words 

• Digital quotient of 2 analog variables 

• Arithmetic operations with words from 
different logic families 


Graphics and Displays 

• Polar to rectangular conversion 

• CRT character generation 

• Chart recorder driver 

• CRT display driver 

Data Transmission 

• Modern transmitter 

• Differential line driver 

• Party line multiplexing of analog signals 

• Multi-level 2-wlre data transmission 

• Secure communications (constant power 
dissipation) 

Controi Systems 

• Reference level generator for setpoint 
controllers 

• Positive peak detector 

• Negative peak detector 

• Disc drive head positioner 

• Microfilm head positioner 



Audio Systems 

• Digital AVC and reverberation quantity; a set of binary switches to simulate 

• Music distribution binary coefficients Bi . . . Bn; a weighting 

• Organ tone generator network; and an output summing means. 

• Audio tracking A/D 

• Speech compression and expansion Binary-Weighted Ladder Empioy- 

. Audio digitizing and decoding Switching 

D/A CONVERTERS disadvantages of a binary-weighted 

D/A converters perform the function of employing voitage switching in¬ 
converting a digitaliy coded signal input elude: A wide range of resistor values which 

into an analog signal output (See Figure 5- a'® weighting the network: and 

1). D/A converters are useful in systems eapacitances which are charged/dis- 

requiring analog signals derived from digi- conversion. See Figure 5-2. 

tai data. 

R-2R Ladder Network Employing 
DAC Building Blocks Current Switching 

The actual implementation of a D/A system The advantages of this type of network 
contains four separate parts: A reference include: No need for a wide range of resistor 
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values; and current switching eliminates 
transients in nodal parasite capacitances. 
See Figure 5-3. 


R-2R LADDER NETWORK 
EMPLOYING CURRENT SWITCHING 


KEY SPECIFICATIONS 
Speed 

The conversion process should represent 
the input signal with the highest fidelity and 
minimal lag in time (Real time applications). 

Settling Time 

Settling time is a measure of a converter’s 
speed and is defined as the elapsed time 
after a code transition for DAC output to 
reach final value within specified limits, 
usually ±1/2 L.S.B. See Figure 5-5. 

Errors 

Offset Error —The outpiit voltage of DAC 
with zero code input. Offset 
can and usually is trimmed to 
zero with an offset zero ad¬ 
just potentiometer. See Fig¬ 
ure 5-6. 



Figure 5-3 


DAC OUTPUT TYPES 


TRUE CURRENT OUTPUT VOLTAGE OUTPUT 



a. True Current Output/Voltage Output 


RESISTIVE OUTPUT 



LITTLE OR NO OUTPUT VOLTAGE COMPLIANCE 



c. Complementary High 
Compliance Current 
Switch 


b. Resistive Output 


Figure 5-4 
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SETTLING TIME 



Figure 5-5 


OFFSET ERROR 





Figure 5-6 


GAIN ERROR 




Figure 5-7 


Gain Error — Deviation in output voltage 
from correct level when the 
input calls for a full scale 
output. This error may be 
trimmed to zero. See Figure 
5-7. 

Relative Accuracy— The maximum devia¬ 
tion of the DAC output 
relative to an Ideal 
straight line drawn 
from zero to full scale 
(1 L.S.B.). See Figure 
5-8. 

Differential 

Non-Linearity— Incremental error from 
any ideal L.S.B. analog 
output change when the 
digital input is changed (1 
L.S.B.). See Figure 5-9. 

Monotonicity —As the input code is incre¬ 


RELATIVE ACCURACY 



Figure 5-8 


mented from one code to 
the next in sequence, the 
analog output will either 
increase or remain con¬ 
stant. See Figure 5-10. 

StabJiity 

stability is a measure of the independence 
of converter parameters with respect to 
variations In external conditions such as 
temperature and supply voltage. 


PARAMETER 

MC140 

6/7/8 

NE5008 

NE5009 

UNITS 

Resolution 

8 

8 

8 

Bits 

Relative 

.78/.39/ 

0.19 

0.1 

% 

accuracy 

.19 




Settling 

time 

300 

85 

60 

ns 


Table 5-1 

D/A CONVERTER COMPARISON 


Temperature 

Coefficient —The effects of temperature 
changes of the output. Spec¬ 
ified as %F.S. change. 

Supply 

Rejection —Ability to resist changes in 
the output with supply 
changes, specified as % full 
scale change. 



5007/5008 DAC 
Reference Amplifier Setup 

The 5007/5008 is a multiplying D-to-A con¬ 
verter in which the output current is the 
product of a digital number and the input 
reference current. The reference current 
may be fixed or may vary from nearly zero to 
+4.0mA. The full scale output current Is a 


NON-MONOTONIC 
(Must be > ±1/2 LSB Non-Linear) 



DIGITAL CODE 

Figure 5-10 
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linear function of the reference current and 
is given by this equation where Iref = Ii 4 . 

255 

Ifs =-•Iref 

256 

In positive reference applications shown in 
Figure 5-11, an external positive reference 
voltage forces current through R14 into the 
Vref (+) terminal (pin 14) of the reference 
amplifier. Alternatively, a negative refer¬ 
ence may be applied to Vref (-) at pin 15, 
shown in Figure 5-12. Reference current 
flows from ground through R14 into Vref (-I-) 
as in the positive reference case. This nega¬ 
tive reference connection has the advantage 
of a very high impedance presented at pin 
15. The voltage at pin 14 is equal to and 
tracks the voltage at pin 15 due to the high 
gain of the internal reference amplifier R15 
(nominally equal to R14) is used to cancel 
bias current errors. R15 may be eliminated 
with only a minor increase in error. 

Bipolar references may be accommodated 
by offsetting Vref or pin 15 as shown in 
Figure 5-13. The negative common mode 
range of the reference amplifier is given by 
the following equation. The positive com¬ 
mon mode range is V+ less 1.5V. 

VcM-= V-+ (Iref • 1kn) + 2.5V 

When a dc reference is used, a reference 
bypass capacitor is recommended. A 5.0V 
TTL logic supply Is not recommended as a 
reference. If a regulated power supply is 


used as a reference R14 should be split into 
2 resistors with the junction bypassed to 
ground with a O.I/xF capacitor. 

For most applications, a+ 10.0V reference is 
recommended for optimum full scale 
temperature coefficient performance. This 
will minimize the contributions of reference 
amplifier Vos and TCVos. For most applica¬ 
tions the tight relationship between Iref and 
Ifs will eliminate the need fortrimming Iref. 
If required, full scale trimming may be ac¬ 
complished by adjusting the value of R14, or 
by using a potentiometer for R14. An im¬ 
proved method of full scale trimming which 
eliminates potentiometer T.C. effects is 
shown in Figure 5-14. 

Using lower values of reference current 
reduces negative power supply current and 
increases reference amplifier negative com¬ 
mon mode range. The recommended range 
for operation with a dc reference current is 
+0.2mA to +4.0mA. 

The reference amplifier must be compen¬ 
sated by using a capacitor from pin 16 to V-. 
For fixed reference operation, a 0.0VF ca¬ 
pacitor is recommended. For variable refer¬ 
ence applications, see section entitled Ref¬ 
erence Amplifier Compensation for 
Multiplying Applications. 

Multiplying Operation 

The 5007/5008 provides excellent multiply¬ 
ing performance with an extremely linear 
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relationship between Ifs and Iref over a 
range of 4mA to 4/iA. Monotonic operation 
is maintained over a typical range of Iref 
from lOO/zA to 4.0mA. Consult the factory 
for devices selected for monotonic opera¬ 
tion over wider Iref ranges. For better multi¬ 
plying accuracy see the 5009 data sheet. 

Reference Amplifier 
Compensation for Multiplying 
Applications 

AC reference applications will require the 
reference amplifier to be compensated us¬ 
ing a capacitor from pin 16 to V-. The value 
of this capacitor depends on the impedance 
presented to pin 14. For R14 values of 1.0, 
2.5 and 5.0kn, minimum values of Cc are 15, 
37 and 75pF. Larger values of R14 require 
proportionately increased values of Cc for 
proper phase margin. 



For fastest multiplying response, low values 
of R14 enabling small Cc values should be 
used. If pin 14 isdriven by a high impedance 
such as a transistor current source, none of 
the preceding values will suffice and the 
amplifier must be heavily compensated, 
which will decrease overall bandwidth and 
slew rate. For R14 = IkH and Cc = 15pF, the 
reference amplifier slews at 4mA//iS en¬ 
abling a transition from Iref = 0 to Iref = 
2mA in 500ns. 

Operation with pulse inputs to the reference 
amplifier may be accommodated by an al¬ 
ternate compensation scheme shown in 
Figure 5-15. This technique provides lowest 
full scale transition times. An internal clamp 
allows quick recovery of the reference am¬ 
plifier from a cutoff (Iref = 0) condition. Full 
scale transition (0 to 2mA) occurs in 120ns 
when the equivalent impedance at pin 14 is 
200n and Cc = 0. This yields a reference 
slew rate of 16mA//xs, which is relatively 
independent of Rin and Vin values. 


Vth ’ Vlc vs temperature 
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Figure 5-16 



Logic Inputs 

The 5007/5008 design incorporates a logic 
input circuit which enables direct interface 
to all popular logic families and provides 
maximum noise immunity. This feature is 
made possible by the large input swing 
capability, 2/iA logic input current and com¬ 
pletely adjustable logic threshold voltage. 
For V- = -15V, the logic inputs may swing 
between -1OV and +18V. This enables direct 
interface with +15V CMOS logic, even when 
the 5007/5008 is powered from a +5V sup¬ 


ply. Minimum input logic swing and mini¬ 
mum logic threshold voltage are given by 
this equation. 

V- + (Iref« 1kn) + 2.5V 

The logic threshold may be adjusted over a 
wide range by placing an appropriate volt¬ 
age at the logic threshold control in (pin 1, 
Vlc). Figure 5-16 shows the relationship 
between Vlc and Vth over the temperature 
range, with Vth nominally 1.4 above Vlc. 
For TTL and DTL interface, simply ground 
pin 1. When interfacing ECL, an Iref = 1 mA 
is recommended. For interfacing other logic 
families, see Figure 5-17. For general setup 
of the logic control circuit, it should be 
noted that pin 1 may source up to 200;uA. 
External circuitry should be designed to 
accommodate this current. 

Fastest settling times are obtained when pin 
1 sees a low impedance. If pin 1 is connect¬ 
ed to a Ikndivider, forexample, itshould be 
bypassed to ground by a 0.01/uF capacitor. 

Analog Output Currents 

Both true and complemented output sink 
currents are provided, where lo +To = Ifs. 
Current appears at the true output when a 1 
is applied to each logic input. As the binary 
count increases, the sink current at pin 4 
increases proportionally, in the fashion of a 
positive logic D-to-A converter. When a 0 is 


INTERFACING WITH VARIOUS LOGIC FAMILIES 



NOTE 

Do not exceed negative logic input range of DAC 

Figure 5-17 
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applied to any input bit, that current is 
turned off at pin 4 and turned on at pin 2. A 
decreasing logic count increases lo as in a 
negative or inverted logic D-to-A converter. 
Both outputs may be used simultaneously. 
If one of the outputs is not required it must 
still be connected to ground or to a point 
capable of sourcing Ips- Do not leave an 
unused output pin open. 

Both outputs have an extremely wide volt¬ 
age compliance enabling fast direct 
current-to-voltage conversion through a 
resistor tied to ground or other voltage 
source. Positive compliance is 36V above V- 
and Is independent of the positive supply. 
Negative compliance is given by this equa¬ 
tion. 

V- + (Iref • 1kn) + 2.5V 

The dual outputs enable double the usual 
peak-to-peak load swing when driving loads 
In quasi-differential fashion. This feature is 
especially useful in cable driving, CRT de¬ 
flection and in other balanced applications 
such as driving center-tapped coils and 
transformers. 

Power Supplies 

The 5007/5008 operate over a wide range of 
power supply voltages from a total supply of 
9V to 36V. When operating at supplies of 
±5V or less, Iref < 1mA is recommended. 

Low reference current operation decreases 
power consumption and increases negative 
compliance, reference amplifier negative 
common mode range, negative logic input 
range, and negative logic threshold range. 
Consult the various figures for guidance. 
For example, operation at -4.5V with Iref = 
2mA is not recommended because negative 
output compliance would be reduced to 
near zero. Operation from lower supplies is 
possible; however, at least 8V total must be 
applied to insure turn-on of the internal bias 
network. 

Symmetrical supplies are not required, as 
the 5007/5008 is quite insensitive to varia¬ 
tions In supply voltage. Battery operation is 
feasible as no ground connection is re¬ 
quired; however, an artificial ground may be 
useful to insure logic swings, etc., remain 
between acceptable limits. 

Power consumption may be calculated by 
this equation. 

Pd = (l+)(V+) + (l+)(V-) + (2 Iref)(V-) 

A useful feature of the 5007/5008 design is 
that supply current is constant and inde¬ 
pendent of input logic states. This is useful 
In cryptographic applications and further 
serves to reduce the size of the power sup¬ 
ply bypass capacitors. 


Temperature Performance 

The linearity and monotonicity specifica¬ 
tions of the 5007/5008 are guaranteed to 
apply over the entire rated operating 
temperature range. Full scale output cur¬ 
rent drift is low, typically ±10ppm/°C, with 
zero scale output current and drift essential¬ 
ly negligible compared to 1/2 LSB. 

Full scale output drift performance will be 
best with +10.0V references, as Vos and 
TCVos of the reference amplifier will be 
very small compared to 10.0V. The temper¬ 
ature coefficient of the reference resistor 
R14 should match and track that of the 
output resistor for minimum overall full 
scale drift. Settling times of the 5007/5008 
decrease approximately 10% at -55° C and 
an increase of about 15% at+125°C Is typi¬ 
cal. 

Settling Time 

The 5007/5008 is capable of extremely fast 
settling times (typically 85ns at Iref = 
2.0mA). Judicious circuit design and careful 
board layout must be employed to obtain 
full performance potential during testing 
and application. The logic switch design 
enables propagation delays of only 35ns for 
each of the 8 bits. Settling time to within 1/2 
LSB of the LSB is therefore 35ns, with each 
progressively larger bit taking successively 


longer. The MSB settles in 85ns, thus deter¬ 
mining the overall settling time of 85ns. 
Settling to 6-bit accuracy requires about 65 
to 70ns. The output capacitance of the 
5007/5008 including the package is approx¬ 
imately 15pF. Therefore the output RC time 
constant dominates settling time if RL > 
500n. 

Settling time and propagation delay are 
relatively insensitive to logic input ampli¬ 
tude and rise and fall times due to the high 
gain of the logic switches. Settling time also 
remains essentially constant for Iref values 
down to 1.0mA, with gradual increases for 
lower Iref values. The principal advantage 
of higher Iref values lies in the ability to 
attain a given output level with lower load 
resistors, thus reducing the output RC time 
constant. 

Measurement of settling time requires the 
ability to accurately resolve ±4ijlA. There¬ 
fore a Ikn load is needed to provide ade¬ 
quate drive for most oscilloscopes. The 
settling time fixture of Figure 5-18 uses a 
cascode design to permit driving a 1 kn load 
with less than 5pF of parasitic capacitance 
at the measurement node. At Iref values of 
less than 1.0mA, excessive RC damping of 
the output is difficult to prevent while main¬ 
taining adequate sensitivity. However, the 
major carry from 01111111 to 10000000 
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provides an accurate indicator of settling 
time. This code change does not require the 
normal 6.2 time constants to settle to within 
±0.2% of the final value; thus, settling time 
may be observed at lower values of Iref- 

The 5007/5008 switching transients or 
glitches are very low and may be further 
reduced by small capacitive loads at the 
output at a minor sacrifice in settling time. 


Fastest operation can be obtained by using 
short leads, minimizing output capacitance 
and load resistor values, and by adequate 
bypassing at the supply, reference and Vlc 
terminals. Supplies do not require large 
electrolytic bypass capacitors as the supply 
current drain Is dependent of input logic 
states. 0.1 )uF capacitors at the supply pins 
provide full transient performance. 


TYPICAL APPLICATIONS 

BASIC UNIPOLAR NEGATIVE OPERATION 
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Figure 5-19 


BASIC BIPOLAR OUTPUT OPERATION 
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TYPICAL APPLICATIONS (Cont’d) 



Neg full scale + LSB 
Neg full scale 


Figure 5-21 


POSITIVE LOW IMPEDANCE OUTPUT OPERATION 



0 TO ^FS • Rl 


IpS i5S.lREF 

256 


For complementary output (operation as negative logic DAO, connect inverting 
input of OP-amp to lo (pin 2), connect lo (pin 4) to ground. 

Figure 5-22 


NEGATIVE LOW IMPEDANCE OUTPUT OPERATION 



OTO -IFS • RL 
Icc = I QCC 


For complementary output (operation as a negative logic DAC), connect non¬ 
inverting input of OP-amp to lo (pin 2); connect lo (pin 4) to ground. 


Figure 5-23 


LOW COST 8-BIT 1 MICROSECOND A-TO-D CONVERTER 


J SCHOTTKY 
TTL 
LOGIC 


FAST 

COMPARATOR 


Figure 5-24 
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3 IC LOW COST A-TO-D CONVERTER 

ANALOG 



2.25MHz 

NOTE 

Connect "start” to "conversion complete" for continuous conversions. 

Figure 5-25 


LOW COST 2-DIGIT BCD DAC 



NOTE 

Output is directly proportional to positive power supply. 

Figure 5-26 


DC-COUPLED DIGITAL ATTENUATOR/ 
PROGRAMMABLE GAIN AMPLIFIER 



} Performs 2 quadrant 
multiplications-AC Input 
controls output polarity. 


NOTES 

1. R1 =R2 = R3 

2. R4 = R5 

3. Eo DC to 20KHZ = ±6V 

4. EoDCto10KHz = ±10V 


Figure 5-27 


HIGH SPEED WAVEFORM GENERATOR 


OUTPUT 

SWITCH 

CONDITIONS 

TYPE (EO) 

S(+) 

S(-) 

Unipolar positive 

+ 

GND 

Unipolar negative 

GND 

- 

Bipolar 

+ 

- 


CLOCK INPUT 





NOTES 

1. Bipolar output is symmetrical around zero, adjustable peak to peak amplitude. 

2. For triangle wave, count up to full, reverse and count down. 

3. For positive-going sawtooth, count up to full, clear, repeat. 

4. For negative-going sawtooth, count down, clear, repeat. 

5. For other waveforms, use a ROM programmed with the desired function. 


Figure 5-28 
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A/D CONVERTER CIRCUITS 

Conversion schemes usually fall into one of 
two categories: 

D/A Feedback A/D Converters 

a. Digital ramp (Counting) 

b. Tracking (Up-down) 

c. Successive approximation* 

Integrating A/D Converters 

a. Single slope 

b. Double slope 

c. Triple slope* 

Indirect Schemes 
Feedback Methods 

• Very fast 

• Accurate 

• Good differential linearity 

• Constant conversion time 

Integrating Methods 

• Slow conversion time 

• Accurate 

• Excellent differential linearity 

• Excellent rejection of high frequency 
noise 

• Fixed averaging period, but variable con¬ 
version time 

CONSIDERATIONS FOR 
A/D CONVERTERS 

• Analog input signal range and resolution 
required 

• Linearity requirement and stability 

• Conversion speed required 

• Monotonicity requirement: Can missing 
codes be tolerated? 

• Character of input signal: Is it noisy, 
sampled, filtered, slowly varying? 

• Transfer characteristics (Type of coding) 

A/D CONVERTER TERMS 
Resolution 

Resolution is the input change required to 
increment the output between the two adja¬ 
cent codes. This term also refers to the 
number of bits in the output word and; 
hence, the number of discrete output codes 
the input analog signal can be broken into. 
Expressed in “bits” resolution. 

Transfer Characteristic 

The Transfer Characteristic is the relation¬ 
ship of the output digital word (code) to the 
input analog signal, i.e.. Binary, BCD. 

Conversion Speed 

The Conversion Speed is the speed at which 
an ADC can make repetitive data conver¬ 
sions. 


Quantizing Error 

Quantizing Error is an Inherent error in the 
conversion process due to finite resolution 
(discrete output). See Figure 5-29. 

Offset Error 

An Offset Error is shown In Figure 5-30. 

Gain Error 

A Gain Error is shown in Figure 5-31. 

Reiative Accuracy 

Relative Accuracy is the deviation of an 
actual bit transition from the Ideal transition 
value at any level over the range of the ADC 
(% F.S.). See Figure 5-32. 
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Hysteresis Error 

A Hysteresis Error is the code transition 
voltage dependence relative to the direction 
from which the transition is approached. 

Monotonicity 

Monotonicity is when the output code either 
increases or remains the same for increas¬ 
ing analog input signals. The opposite is 
true in the reverse direction. 

Missing Codes 

A Missing Code is a code combination that 
is skipped. See Figure 5-33. 

‘Converter schemes used at Signetics 


MISSING CODES 



ANALOG INPUT 


Figure 5-33 


INTRODUCTION 

The advent of MSI digital logic has made 
feasible the digital display at a reasonable 
cost with virtually all instrumentation now 
taking that course. The key features of 
digital displays are ease of readability and 
high reliability. 

SEVEN SEGMENT DISPLAYS 


Consumer 

• Automotive—Dashboard Indicators 

• Appliances—Ranges, Clocks 

• Audio—Digital Tuning 

• Games 

The most popular and commonly used of 
the various display technologies are: 

• Liquid Crystal Displays (LCD) 

• Light-Emitting Diodes (LED) 

• Gas-Discharge 

• Fluorescent 

• Incandescent 

The choice of which technology to be used 
is often dictated by the system constraints, 
such as: 

• Cost 

• Size 

• Readability (Ambient light) 

• Operating Temperature Range 

• Reliability 

• Power and Supply Limitations 

• Ability to be Multiplexed 

LIGHT-EMITTING DIODES 
(LEDs) 

LED displays have taken over an appreci¬ 
able part of the display market, primarily 
due to: 

• High Reliability 

• Long Life 

• Fast Response Time 

• Low Operating Voltage 

• Ease In Interfacing 

GAS DISCHARGE DISPLAYS 

Gas discharge displays have several advan¬ 
tages over LEDs, LCDs and other displays in 
the applications area. These advantages are 
generally in products where performance, 
rather than cost, is of prime importance. 
These advantages include: 


Seven segment displays are used for many 
types of applications. These applications 
include: 

Instruments (Industrial) 

• Voltmeters 

• Frequency Counters 

• Digital Thermometers 

• Medical Equipment 

• Process Control Equipment 

• Avionic Displays 

EDP and Minicomputer 

• POS Terminals 

• Calculators 

• Misc. EDP Peripheral Equipment, e.g., 
Tape Drivers 

• Accounting Machines 


• Larger Digits 

• Increased Readability in Bright, Ambient 
Light 

• High Reliability 

• Operation in Wide Temperature Ex¬ 
tremes 

Applications for Gas Discharge 
Dispiays 

Automotive Industry 

• Operating temperature range (-40° F to 
+120° F) 

• LCDs—Freeze at lower temperature 

• LEDs—Poor efficiencies at high temper¬ 
ature 

Avionics 

• Visibility 


• LCDs—Difficult to multiplex (Poor re¬ 
sponse) 

Poor operating temperature range 
Need direct light 

• LEDs—Poor visibility in bright light 

Games 

• Size and Brightness 

• LCDs—Poor viewing angle 

• LEDs—Not bright enough 

NE580 BAR GRAPH DRIVER 

Bar-graph System Operation 

The bar-graph display is a thick-film planar, 
gas discharge device. The principal of oper¬ 
ation is called self-scan@, in which a neon 
glow-discharge is propagated from one 
cathode spot to another under one anode. 
The bar-graph device appears as a series of 
cathode bars arranged in a column. A glow 
discharge is continually propagated along 
the column from a keep-alive cathode at one 
end. Provided the scan rate for a whole 
column is above the eye flicker detection 
rate, then the glow appears as a continuous 
column of light. 

Bar-graph Signal Requirements 

The NE580 comprises most of the electronic 
components necessary to interface an ana¬ 
log voltage level to the bar-graph display. 
Each column of the display requires an 
anode control signal and each cathode 
(usually from 4 to 7 in number) requires an 
interlaced logic signal of 1/N duty cycle 
(where N is the number of cathode phases). 
The pulse width of each cathode signal is of 
the order of 50 to WOjus. The cathode sig¬ 
nals clock continuously throughout the 
frame period. The anode signal is on only 
for a proportion of time corresponding to 
the input voltage. 

Tan 

Thus Vin = Vrefx- 

200 

for a 200 element device, where Tan is the 
number of cathode clock cycles for which 
the anode is on Figure 5-35 illustrates the 
relative output phasing of the linear ramp 
cathode and anode lines for 5 phase opera¬ 
tion. 

Circuit Operation 

The NE580 provides the circuitry to gener¬ 
ate all these signals to the point where they 
drive the high voltage display elements. An 
on-chip clock generator drives the master 
counter and cathode phase generator. 

The clock also gates a constant current 
source which charges the ramp capacitor 
with a staircase waveform of equal incre¬ 
ment steps. These steps correspond to the 
cathode segments. There are two steps per 
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APPLICATION 



Cl = 0.022 mF 

C2 = 0.47/uF 

C3 = 0.47|uF 

Figure 5-36 


segment so that the comparison of input 
voltage with respect to the ramp is made at 
the mid-point of each segment. The master 
counter inhibits the current source and 
discharges the ramp after 200 cathode 
counts. At the 200th count, the ramp voltage 
is strobed into a sample-and-hold amplifier. 
This voltage is compared with the reference 
voltage and a signal fed back to the ramp 
constant current source. Hence, the maxi¬ 
mum value of the ramp will be adjusted to 
the same level as the reference voltage. 

NE584/585 GAS DISCHARGE 
DISPLAY DRIVERS 

Introduction 

The NE584 and NE585 Gas Discharge Dis¬ 
play Drivers find wide application in driving 
displays such as Burroughs Panaplex II, 
Cherry Plasma-Lux, Beckman SP, etc. They 
feature high reliability, simplicity in inter¬ 
facing, programmable segment current. 


and Internal feedback. External compo¬ 
nents required include a resistor used in 
programming the segment currents, and a 
capacitor used In limiting anode bus voltage 
variations. The purpose of this application 
note is to supply the designer with the 
information necessary to design systems 
based on these drivers. 

Selection of Program 
Current Resistor 

The NE584, available in either an eight or 
nine channel unit, drives the cathodes of the 
displays. Segment drive current, a factor in 
determining the brightness of the display, is 
set on all channel outputs simultaneously 
by selection of a single resistor. 

Currents may be programmed up to 3mA (in 
the internal feedback mode) and up to 5mA 
(when using external feedback or no feed¬ 
back). Component values may be selected 
using Figure 5-37. 


Seiection of Feedback 
Capacitor 

The NE584 and NE585 may be operated 
with or without feedback. The feedback 
mode may be controlled internally or exter¬ 
nally. When using external feedback cur¬ 
rent, capabilities of the drivers are extended 
as a result of eliminating the power dissipa¬ 
tion in the internal feedback network which 
Is a current limiting factor. Also certain 
system timing conditions may make It nec¬ 
essary to operate in this mode because of 
Improper feedback operation. Operating in 
the feedback mode offers consistency of 
operation under conditions such as supply 
voltage variations, temperature variations 
blanked leading zeros, variations in display 
panel ionization voltage, component toler¬ 
ances, etc. 

When operating in the feedback mode, a 
capacitor is required to limit variations on 
the anode bus. This prevents the cathode 
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SEGMENT CURRENT 
vs PROGRAM RESISTOR VALVE 


5.0 



J-1—I-1-1-L_J-1_I_l__J_til 

Rp(Mn) 


Figure 5-37 


output from going into saturation causing 
feedback current to flow and anode bus 
voltages to be higher than required. Selec¬ 
tion of this capacitor is mainly determined 
by the cathode pulse width and by the 
segment currents and may be selected us¬ 
ing Figure 5-38. 

Interface Considei^ations 
Input Requirements 

Driver inputs may be directly interfaced with 
TTL, MOS, and C-MOS logic families. Each 
of these logic families will provide enough 
drive to fully enable the driver outputs. 

Unused inputs should not be grounded. 
They should be left open to prevent loading 
of selected inputs. 

Single Supply Operation 

Because of the increased external compo¬ 
nent count, single supply operation is usu- 


FEEDBACK CAPACITOR VALVES 


SUPPLY VOLTAGES 



.1 ,2 .3 .4 .5 .6 .7 ,8 .9 1.0 

Tc (ms) 


Figure 5-38 


ally not recommended. If It is necessary to 
operate in this mode, all voltage levels must 
be shifted by 1/2 the supply voltage. For 
example: 


PIN 

Split Supply 
±100 volts 

Single Supply 
±200 volts 

Vi 

V2 

V3 

GND 

5 to 15 volts 
-100 volts 
±100 volts 

0 volts 

105 to 115 volts 

0 volts 
±200 volts 
±100 volts 


The input levels must also be shifted. One 
method of accomplishing this is shown in 
Figure 5-39. 



Pull-Up Option 

When operating the drivers at fast scanning 
rates, the turn-off time of the display may 
become a limiting factor. This may become 
noticeable when operating with a 5 volt 
supply (Vi). 

The pull-up option is provided on the seg¬ 
ment driver and is used to decrease turn-off 
delays by allowing charge to be removed 
more quickly from the cathodes and from 
stray capacitance. This is accomplished by 
grounding this pin, which increases the 
drive current to the pull-up network. 

Cathode Pull-Up Resistors 

When driving long cables, it is helpful, as 
with all drivers, to add an external pull-up 
resistor from the output of the cathode 
driver to ground. The value of this resistor is 
in the range of 1 Meg, placed close to the 
display, and allows charge to be removed 
more rapidly from both the display and from 
the cable. 


Timing Considerations 
and Feedback 

A number of system requirements and panel 
parameters must be considered in making a 
decision as to what constraints should be 
imposed on cathode and anode signals and 
on selecting the frame rate. The two driver 
modes of operation require different timing 
constraints—each mode offering its own 
unique advantages. Feedback Mode- 
Variations in both ionization voltages from 
panel-to-panel as well as from digit-to-digit 
within the sarhe panel and in the supply volt¬ 
ages, make it advantageous to float the 
anode bus and make it self compensating 
for such variations. This is accomplished by 
the use of a current feedback scheme and 
imposes constraints on both the duration 
and relative timing of the driver input sig¬ 
nals. 

The feedback scheme is relatively simple— 
whenever an input is applied to the cathode 
driverand the display has not yet ionized the 
coincidence of this condition is sensed by 
the cathode driver and a current pulse is 
sent along the feedback link to the digit 
driver. The amplitude of this pulse is propor¬ 
tional to the program current and to the 
number of segment inputs selected. Its du¬ 
ration is equal to the ionization time or to the 
duration of the segment pulse input—the 
shorter of the two. This current pulse is 
sensed by the digit driver, amplified, and is 
used to charge the feedback capacitor. This 
results in an increase in the voltage level of 
the anode bus. 

Once the display is ionized, a current must 
be supplied by the anode bus for the dura¬ 
tion of the cathode input. The cathode driv¬ 
er, which functions as a constant current 
sink, senses this current and terminates the 
feedback current pulse. Once feedback cur¬ 
rent has ceased, the feedback capacitor 
begins to discharge lowering the anode bus 
voltage. The average voltage level on the 
anode bus is stabilized when the charge 
entering the anode bus during the ioniza¬ 
tion time equals the charge leaving the bus 
during on-time of the display, cathode pulse 
duration minus the ionization time. This 
level is defined by the supply voltage and 
display panel parameters and is self com¬ 
pensating since the anode bus voltage is 
directly related to the ionization time and 
the ionization time inversely related to the 
anode bus voltage. 

The following constraints are unique to the 
feedback mode of operation. 

1-a A digit input should always be selected 
before or at the same time that one or 
more segment inputs are selected and 
remain on for the duration of the seg¬ 
ment inputs or longer. 
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TYPICAL APPLICATIONS 


FEEDBACK MODE 


NON-FEEDBACK MODE 




NOTES 

(a) Feedback pins connected together. 

(b) Segment current set by Rp and limited to 3mA. 

(c) Capacitor connected to anode bus to provide feedback. 


NOTES 

(a) Feedback pins left open. 

(b) Segment current set by Rp and limited to 5mA. 

(c) Anode bus connectd to V 3 supply (+100 volts) through zener diode (15-20 volt 
range) and maintains anode bus at a constant voltage. 


Figure 5-40 


Figure 5-41 


MULTiPLE ANODE DRIVER 
SINGLE CATHODE DRIVER 



NOTES 

(a) Digits are multiplexed (only one digit on at any given time). 

(b) Feedback pins are connected together. 

(c) Anode bus pins are connected together and a single feedback capacitor used. 

(d) Max segment current should be limited to 5mA. 

(e) If displays with different parameters are used, it may be necessary to operate the 
system in the non-feedback mode. This may be accomplished by leaving all 
feedback pins open connecting the anode bus pins together and connecting a 
single zener diode of the proper power and current rating to the -Vsi+lOO volts) 
supply. 


Figure 5-42 


MULTIPLE ANODE DRIVER 
SINGLE CATHODE DRIVER CONFIGURATION 


Vb+ ( + 100V) 



DATA 

INPUT 


DIGIT 

DATA 

INPUT 


NOTES 

(a) Displays are multiplexed in parallel. (Each anode driver output selects two digits— 
one from each display). 

(b) Segment currents may be set independently by Rpi and Rp 2 and the total should 
not exceed 5mA. 

(c) All feedback pins are left open. 

(d) Anode bus pin connected to the V 3 supply (+100V) through a zener diode ^0 volt 
(15-20 volt range) and maintains a constant voltage as the anode voltage. 


Figure 5-43 
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1-b Blanking should be accomplished by 
inhibiting segment inputs or both seg¬ 
ment and digit inputs. 

2. For large cathode pulse widths com¬ 
bined with high segment currents, it is 
recommended that the non-feedback 
mode be used a result of limitations on 
the magnitude of the feedback current 
and on power dissipation. If any of the 
constraints are not met, then the non¬ 
feedback mode of operation should be 
used. 

The following constraints are common to 

both modes of operation. 

1. Adequate blanking should be used 
when scanning digits sequentially to 
inhibit adjacent digit arcing. Interlac¬ 
ing of digits may be used to eliminate 
the necessity for such blanking, but 
this in many cases will require a greater 
amount of hardware. Typical blanking 
time would range between 10-20% of 
total digit time. 

2. Minimum pulse widths forthesegment 
inputs should be typically greater than 
200jus so that variations in ionization 
time do not cause brightness varia¬ 
tions in displays. 


3. Scanning rate should be greater than 
50Hz to prevent flickering of display. 

4. Brightness of the display Is directly 
proportional to the segment current 
level and to the cathode input pulse 
width. Typically, the brightness may be 
varied over a 3:1 range by variation of 
segment current and over a 10:1 range 
by variation of cathode pulse width. 
Both ranges are dependent on display 
parameters. 


CONCLUSION 

The switching of the high voltages neces¬ 
sary for display panels has long presented 
difficulties to the semiconductor industry— 
particularly to the 1C manufacturers. Sig- 
netics now makes available a driver set 
capable of switching these high voltages 
with high reliability and ease in interfacing. 
Flexibility in configuring systems and small 
external component count, together with 
internal feedback and programmable seg¬ 
ment current capabilities is why Signetics 
drivers find such wide applications in termi¬ 
nals, calculators, clocks, electronic games, 
instrument, cash registers, and medical 
equipment. 


APPENDIX A 


DRIVER-INTERCONNECTION 

DIAGRAM 

p Vb+ ( + 100110%) 



Vcc Vb- (-100110%) 


(5 TO 15 VOLTS) 

Figure 5-46 


APPENDIX B 

NE584/585 Digital Clock Application 

The system operates in the non-feedback 
mode. A 15V zener diode maintains the 
anode bus at +85 volts which allows for 
variations in display panel ionization volt¬ 
age. Display segment current is pro¬ 
grammed by R1 and is set at 5mA to allow 
maximum brightness. No other external 
components are required for interfacing. 

DESCRIPTION OF OPERATION 

A three position brightness control is pro¬ 
vided as well as a blanking switch. When in 
the blanking mode of operation the clock 
operates in a normal manner, but the dis¬ 
play is blanked. Controls are provided for 
setting the time. The hours digit will be 
advanced by depressing S2. Minutes may 
be advanced in ten minute increments by 
depressing S3 and in one minute incre¬ 
ments by depressing S2 and S3 simultane¬ 
ously. A count inhibit switch is also pro¬ 
vided which will allow setting of seconds. 

A snooze alarm feature may be added by 
adding additional switches which allow the 
following pins in the Mostek chip to be 
connected to +15 volts. Pin (12) alarm en¬ 
able, Pin (15) alarm set, Pin (11) snooze. In 
the alarm set mode the alarm time is dis¬ 
played and may be set. The snooze feature 
will temporarily turn off an activated alarm 
for ten minutes. 

An output tone, available at Pin (13), is in the 
range between 400-600Hz and when buf¬ 
fered is used to drive a speaker. 


MULTIPLE ANODE AND CATHODE DRIVER CONFIGURATION 



NOTES 

(a) Extension to the concepts presented in Figure 5-42 and 5-43. Non-feedback mode 
employed. 

(b) Segment currents independently set and their sum limited to 5mA. 

Figure 5-44 
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PARALLEL INPUT DIGIT DRIVER OUTPUTS 


DIGIT DATA INPUT 



NOTES 

(a) Corresponding inputs and outputs on each digit driver are connected together 
directly. 

(b) Non-feedback mode is used, 

(c) Max segment current should be limited to 5mA on each cathode driver and digit 
current limited to 60mA where Id = X Is- 

(d) Separate zener diodes may be used to decrease power ratings, but a single diode may 
also be used and the anode bus pins tied together. 

(e) Extended current capability of the 585 is increased to 60mA. 

Figure 5-45 


COMPARATORS 

Voltage comparators are high gain differen¬ 
tial input—logic output devices. They are 
specifically designed for open loop opera¬ 
tion with a minimum of delay time. Although 
variations of the comparator are used in a 
host of applications, all uses depend upon 
the basic transfer function of Figure 5-49. As 
shown device operation is simply a change 
of output voltage dependent upon whether 
the signal input is above or below the 
threshold input. The threshold in this exam¬ 
ple is 0 volts. 

Comparator inputs are customarily marked 
with plus or minus signs to indicate their 
polarity. For example the circuit of Figure 5- 
50 produces a logic 1 level when the non¬ 
inverting input is more positive than the 
reference voltage. 

DEFtNITIONS 

Many similarities exist between operational 
amplifiers and the amplifier section of volt¬ 
age comparators. In fact op amps can be 


used to implement the comparator function 
at low frequencies. 

Thus, the characteristic definitions present¬ 
ed here are similar to those reviewed for op 
amps in Section 3. 

Input Offset Voltage 

As with operational amplifiers the non-ideal 
comparator possesses some offset voltage. 
The definition differs slightly in that the 
output structure of comparators is digital 
rather than linear. Hence, input offset volt¬ 
age is defined for comparators as the dc 
voltage required at the input to force the 
output to the logic threshold of ensuing 
devices (1.2 volts for TTL). 

Input Offset Current 

Imbalances of input bias current arise from 
small variances of the junction geometry of 
the differential Input amplifier. As for op 
amps, the imbalance is referred to as input 
offset current. 


Bias Current 

As with op amps the input structure of 
comparators is usually a differential bipolar 
stage. Hence, the average Input current 
required defines bias current. 

Common Mode Range 

When specifying voltage comparators one 
of the key parameters is common mode 
range, which is defined as the range of 
voltages over which both inputs can be 
varied simultaneously without abnormal 
output voltage transitions. This parameter 
must be kept uppermost in the designer’s 
mind because the reference and signal volt¬ 
ages become common mode signals at 
threshold. All ranges of input signals thus 
must be within the common mode range of 
the input amplifier. 

Voltage Gain 

Specifications of voltage gain refer to the 
overall gain of the device, the bulk of which 
occurs In the amplifier section. 

In general higher gains would be advanta¬ 
geous for resolving smaller input signals. Of 
course the propagation delay suffers due to 
the more severe saturation of the transis¬ 
tors. Typical gains for TTL output devices 
are set for 5000 volts per volt. This gain 
provides 5 volts of output swing with ImV 
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input signal change for reasonable accura¬ 
cy but does not contribute severely to the 
overload recovery delay. 

Propagation Delay 

Voltage comparisons of analog signals with 
a reference voltage usually require that the 
operation take as little time as possible. 
Long delays in the comparator cause a 
pulse position error at the output since the 



526 TRANSFER FUNCTION 
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Figure 5-49 



analog signal in the meantime has changed 
value. At low frequencies the delay is of 
small consequence but at higher frequen¬ 
cies, transit time becomes intolerable. De¬ 
sign of voltage comparator devices includes 
as a prime goal, the minimizing of transit 
times. 

Propagation delay testing is done under 
worst case conditions. The recovery from 
saturation varies depending upon the initial 
state of the amplifier and the overdrive. 
Worst case conditions begin applying a 
100mV signal on the reference terminal. 
With no signal applied the amplifier is in 
saturation in one direction. A step input 
pulse on the signal line of 100mV ± Vos will 
bring the amplifier to a threshold level. 
Propagation delay at this point is undefined 
since the output has not switched. 

To attain output switching a small overdrive 
is necessary. Propagation delay is tested in 
a configuration such as Figure 5-51. The 
input is a step function of lOOmV plus a 
specified excess or overdrive signal. This 
causes the amplifier to be exercised from 
saturation in one direction to saturation in 
the other for worst case propagation delay. 
Note that larger overdrive improves delay 
time as can be seen in Figure 5-52. An 
overdrive of 5mV causes 12ns delay, where¬ 
as a lOOmV overdrive improves transit time 
to only 6ns. 


If the measurement were made without 
initial saturation (less than lOOmV V thresh¬ 
old) the delay time would be smaller, due to 
the smaller storage times of unsaturated 
transistors. 

STATE-OF-THE-ART 

Comparator design has always been opti¬ 
mized for four basic parameters. They are: 

1. High Speed 

2. Wide Input Voltage Range 

3. Low Input Current 

4. Good Resolution 

Unfortunately these four parameters are not 
compatible. For instance gain and input 
current can be improved by using thinner 
diffusions for higher beta, but only at the 
expense of input voltage range. Higher gain 
also means higher saturation for an in¬ 
crease in delay time. So it becomes obvious 
that comparators such as the 526 were 
designed with the best compromises in 
mind using standard processing. 

One method of improving overall response 
adds gold doping to the processing flow. 
The gold dopant causes a decrease in mi¬ 
nority carrier lifetime which aids the recom¬ 
bination process and shortens the satura¬ 
tion recovery time. Unfortunately the 
transistor beta is adversely affected by gold 
causing slightly higher bias and offset cur¬ 
rents. 


PROPAGATION DELAY 
TEST SETUP 



Figure 5-51 


It was not until the advent of the Schottky 
clamp that a vast Improvement in speed 
without input degradation was possible. A 
very familiar term in the semiconductor 
industry, the Schottky barrier diode’s (SBD) 
location is illustrated In Figure 5-53. 

The Schottky clamped transistor is formed 
by parallelling the Schottky diode with the 
base-collector junction of the npn transis¬ 
tor. Without the clamp, as base drive is 
increased the collector voltage falls until 
hard saturation occurs. At this point the 
collector voltage is very near the emitter 
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voltage, and stored charges in thejunctions 
causes slow recovery from saturation after 
base drive has been removed. The forward 
voltage drop of the Schottky diode is 0.4 
volts—less than the forward drop of silicon 
diodes. This difference in forward drop is 
used by placing the diode across the tran¬ 
sistor base-collector junction. The Schottky 
diode becomes forward biased when the 
collector voltage falls 0.4 volts below the 
base voltage. Excess base drive is then 
shunted into the collector circuit prohibit¬ 
ing the transistor from reaching classic 
saturation. With almost no stored charge in 
either the SBD or the transistor, there is a 
large reduction in storage time. Thus, tran¬ 
sistor switching time is significantly re¬ 
duced. 

A cross sectional area of the Schottky diode 
is shown in Figure 5-54. 


SCHOTTKY CLAMPED 
TRANSISTOR 


Figure 5-53 


COMPARING THE 
COMPARATORS 

Presently available comparator ICs range 
from the ultra fast 521 to the general pur¬ 
pose comparator fashioned from an inex¬ 
pensive op amp. Selection of the device 
depends upon the application in which it 
will be used. Often times speed of conver¬ 
sion is of primary importance to minimize 
pulse position errors of high frequency 
signals. At other times the parameters are 
much less stringent allowing the use of a 
general purpose comparator. 

A handy reference guide to the major pa¬ 
rameters is summarized in Table 5-3. At a 
glance the necessary parameters can be 
chosen to select the proper device. 


521/522 Comparators 

A general description of the comparator 
devices is included here to familiarize the 
user with available devices and their advan¬ 
tages. 

Processed with state-of-the-art Schottky 
barrier diodes the 521/522 series devices 
provide good input characteristics while 
providing the fastest analog to TTL conver¬ 
sion to date. Total delay from input to output 
is typically 6ns with a guaranteed speed of 
12ns. Additional features of this device in¬ 
clude the dual configuration and individual 
output strobes to simplify system logic. The 
522, although sacrificing some speed, fea¬ 
tures open collector outputs for party line or 
wired-OR configurations for additional 
system flexibility. 


Device 

Propagation 
Delay (ns) 

Vos 

(mV) 

los 

(mA) 

Ibias 

(mA) 

Gain 

CMR 

(V) 

Benefits 

521 

12 

7.5 

5 

20 

5000 

±3 

Dual, very fast, standard sup¬ 
plies, TTL compatible, individ¬ 
ual & common strobe. 

522 

15 

7.5 

5 

20 

5000 

±3 

Same as 521 plus open collec¬ 
tor outputs for additional de¬ 
coding. 

526 

48 

5 

5 

35 


+4.2 

-3.2 

General purpose, ±5V sup¬ 
plies, strobe, separate amplifi¬ 
er output, large common mode 
range. 

527 

26 

6 

0.75 

2 

5000 

±6 

Fast, very low input current, 
differential outputs, flexible 
surplus wide common mode 
range. 

529 

22 

6 

5 

20 

5000 

±6 

Same as 527 but with faster 
response. 


NOTE Parameters are based on min/max limits at 25° Gas defined in the individual data 
sheet. 


Table 5-3 COMPARATOR SELECTION GUIDE 
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526 Comparator 

The 526 is a medium speed analog compa¬ 
rator intended for applications where rapid 
recovery from common mode or differential 
overdrive is necessary. The circuit consists 
of a medium gain differential amplifier and 
high speed TTL gate^ Compatible with all 
TTL logic families, the 526 provides inde¬ 
pendent amplifier and gate outputs and 
operates from standard ±5 volt supplies. 

If desired more than one gate may be driven 
from the 526 amplifier output. Should this 
be necessary, a 5k ohm pull down resistor 
from the amplifier output to V- should be 
added to increase the sink current capabili¬ 
ty as shown in Figure 5-55. More than one 
amplifier may also be tied together for sys¬ 
tem flexibility. This configuration produces 
the logic NOR of 2 analog signals at the 
output of the gate. 


INCREASING AMPLIFIER 
SINK CURRENT 



Figure 5-55 


527 Comparator 

Featuring darlington inputs for very low bias 
current, the 527 is generically related to the 
529 comparator. Emitter follower inputs to 
the differential amplifier are used to trade 
better input parameters for slightly less 
speed. As Table 5-3 shows, a factor of 10 
improvement in Ibias is gained with an in¬ 
crease of propagation delay of only 4ns 
maximum. 

529 Comparator 

Second in speed only to the 521 device, the 
529 is also manufactured using Sohottky 
technology. Although a few nano seconds 
slower than the 521, the 529 features vari¬ 
able supplies from ±5 to ±10 volts with a 
high common mode range of ±6 volts. Both 
the 527 and 529 Schottky comparators 
boast complimentary logic outputs with 
output A being in phase with input A. In 
addition the supplies of both the 527 and 
529 may be non-symmetrical to produce a 
desired shift in the common mode range. 


This technique is illustrated by the ECL to 
TTL and TTL to ECL translators of Figures 
5-65 and 5-66 respectively. The only major 
requirement of the supplies is that the neg¬ 
ative supply be at least 5 volts more nega¬ 
tive than the ground terminal of the gate. 
This is necessary to insure that the internal 
bias arrangement has sufficient voltage to 
operate normally. 

APPLICATIONS 

Today’s state-of-the-art ultra-high speed 
comparators are capable of making logic 
decisions in less than 10 nano seconds. 
They are easily applied and possess good 
input and power supply noise rejection. As 
with all linear ICs however, some prelimi¬ 
nary steps should be taken in their use. 

General Precautions 
Layout 

The comparator is capable of resolving sub¬ 
millivolt signals. To prevent unwanted sig¬ 
nals from appearing at signal ports, good 
physical layout is required. For any high 
speed design, ground planes should be 
used to guard against ground loops and 
other sources of spurious signals. At high 
frequencies hidden signal paths become 
dominant. Of a particular nuisance is distri¬ 
buted capacitance. If care is not taken to 
isolate output from input, distributed capac¬ 
itance can couple a few millivolts into the 
input, causing oscillation. 

Another source of spurious signal is ground 
current. Input structures are relatively high 
impedance while the gate structures of 
comparators run with large signal and 
ground currents. If this gate ground current 
is allowed to pass near the input signal path, 
the small impedances of the ground circuit 
will cause millivolt changes in reference or 
signal voltages producing errors, sustained 
oscillation, or ringing. A ground plane ar¬ 
ranged such that output currents do not 
flow near input areas is highly recom¬ 
mended. 

Power Supplies 

Another general precaution that should 
always be exercised is power supply by¬ 
passing. As mentioned the name of the 
game is speed. Very high speed gates are 
used to produce the desired output logic 
levels. Maximizing response speed also re¬ 
quires higher current levels, giving rise to 
power supply noise. For this reason good 
power supply by-passing is always manda¬ 
tory very close to the device itself. A tanta¬ 
lum capacitor of 1 tolOjuF in parallel with 500 
to lOOOpF will prove effective in most cases. 
Lead lengths should be as short as physical¬ 
ly possible to preserve low impedances at 
high frequency. 


Unused Inputs 

Some currently available comparators such 
as the 521 and 522 are dual devices. Most 
often both sections of these devices will be 
utilized. Should a system utilize one device, 
the unused inputs should be biased In a 
known condition. The high gain-bandwidth 
may otherwise cause oscillations in the 
unused comparator section. A low imped¬ 
ance should be provided from both unused 
inputs to ground. A resistor of relatively 
high impedance may then be used to supply 
a differential input on the order of 10OmV to 
insure the comparator assumes a known 
state. 

If the inverting input is tied to the positive 
differential voltage the gate output will be 
low. The strobe inputs then provide a means 
of utilizing the Schottky gate for other sys¬ 
tem logic functions. 

Common Mode Signals 

As defined previously manufacturers speci¬ 
fy the maximum voltage range over which 
the inputs may be taken. In addition the 
maximum differential voltage that may be 
safely applied to the inputs is specified. In 
the case of the 529 comparator the differen¬ 
tial voltage is restricted to less than ±5 volts, 
with a common mode of ±6 volts. That these 
two quantities Interact cannot be over¬ 
looked during application. For instance with 
both inputs at ±4 volts the common mode 
restriction is satisfied. If V ref is now left at 
±4 volts the signal input may not be taken 
below ground more than 1 volt because the 
differential signal becomes 5 volts. 

It is important to observe this maximum 
rating since exceeding the differential input 
voltage limit and drawing excessive current 
in breaking down the emitter-base junctions 
of the input transistors could cause gross 
degradation in the input offset current and 
bias current parameters^ 

Exceeding the absolute maximum positive 
input voltage limit of the device will saturate 
the input transistor and possibly cause dam¬ 
age through excessive current. However, 
even if the current Is limited to a reasonable 
value so that the device is not damaged, 
erratic operation can result. 

Input Impedance 

The differential bias and offset currents of 
comparators are minimized by design. As 
was pointed out for op amps, the input 
resistance seen by both Inputs should be 
equal. This reduces to a minimum the con¬ 
tribution of offset current to threshold error. 
Unbalanced input impedance also adds to 
the offset error due to the difference in volt¬ 
age drop across the input resistances. 
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BASIC APPLICATIONS 

The basic comparator circuit and its trans¬ 
fer function were presented by Figures 5-49 
and 5-50. 

When the input exceeds the reference volt¬ 
age, the output switches either positive or 
negative, depending on how the inputs are 
connected. 

The vast majority of specific applications 
involve only the basic configuration with a 
change of reference voltage. A to D con¬ 
verters are realized by applying the signal to 
one terminal and the voltage derived from a 
ladder network to the other. Limit detectors 
are likewise made from only the very basic 
circuit. Both are only a small deviation from 
the basic level detector. 

Hysteresis 

Normally saturated high or low, the amplifi¬ 
ers used in voltage comparators are seldom 
held in their threshold region. 

They possess high gain-bandwidth prod¬ 
ucts and are not compensated to preserve 
switching speed. Therefore if the compared 
voltages remain at or near the threshold for 
long periods of time, the comparator may 
oscillate or respond to noise pulses. For 
instance this is a common problem with 
successive approximation D/A converters 
where the differential voltage seen by the 
comparator becomes successively smaller 
until noise signals cause indecision. To 
avoid this oscillation in the linear range, 
hysteresis can be employed from output to 
input. Figure 5-56 defines the arrangement. 
Both positive and negative feedback is pro¬ 
vided by Rin and Rf. 



0 VOLT LEVEL DETECTOR 
WITH ± lOmV HYSTERESIS 
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Figure 5-57 



feedback aids the signal in crossing the 
threshold. When the signal returns to the 
threshold, the positive feedback must be 
overcome by the signal before switching 
can occur. The switching process is then 
assured and oscillations cannot occur. The 
threshold “dead zone” created by this meth¬ 
od, illustrated in Figure 5-57, prevents out¬ 
put chatter with signals having slow and 
erratic zero crossings. 

As shown in Figure 5-56 the voltage feed¬ 
back is calculated from the expression: 


Vhyst = 


Equt • Rin 
Rin + Rf 


If the twisted pair of the system is driven 
differentially from ground, the signals can 
be reclaimed easily via a differential line 
receiver. 

Since the electrical noise imposed upon a 
pair of wires takes the form of a common 
mode signal, the very high common mode 
rejection of the 521/522 makes the unit ideal 
for differential line receivers. Figure 5-58 
depicts the simple schematic arrangement. 
The 521 is used as a differential amplifier 
having a logic level output. Because com¬ 
mon mode signals are rejected, noise on the 
cable disappears and only the desired dif¬ 
ferential signal remains. Figure 5-59 illus¬ 
trates the 521 response to the 200mV peak 
to peak 10MHz differential signal. In Figure 
5-60 the same signal has been buried in 5 
volts peak to peak of 1MHz common mode 
“noise.” 

As shown the circuit suffers no degradation 
of signal. If desired several 522 comparators 
may be “wire OR’d,” or a latch output can be 
accomplished as shown. 

The 521 and 529 comparators have the 
advantage of wider bandwidth to permit 
higher data rates. Where speed is slower the 
526 comparator will also provide the excel¬ 
lent common mode rejection needed for line 
receiving. 

Double Ended Limit Detector 

Many system designs require that it be 
known when a signal level lies between two 
limits. This function is easily accomplished 
with a single 522 package. The schematic 
and transfer curve of the circuit is shown in 
Figure 5-61. 


Hysteresis occurs because a small portion 
of the “one” level output voltage is fed back 
in phase and added to the input signal. This 



where Equt is the gate output voltage. The 
hysteresis voltage is bounded by the com¬ 
mon mode range and the ability of the gate 
to source the current required by the feed¬ 
back network. If symmetrical hysteresis is 
desired an additional inverting gate is re¬ 
quired if the comparator does not have 
differential outputs. The 527 and 529 de¬ 
vices provide inverted signals from differen¬ 
tial outputs while the 521, 522 and 526 
devices will require the inverter. Care 
should be taken in the selection of the 
inverter that propagation delay is minimum 
especially for very high speed comparators 
such as the 521. 

Line Receiver 

Retrieving signals which have been trans¬ 
mitted over long cables in the presence of 
high electrical noise is a perfect application 
for differential comparators. Such systems 
as automated production lines and large 
computer systems must transmit high fre¬ 
quency digital signals over long distances. 


Each half of the 522 is referenced to the 
desired upper or lowervoltage limit produc¬ 
ing the desired transfer curve shown. Tak¬ 
ing advantage of the dual configuration and 
the open collectors of the 522 minimize 
external components and connections. 

Crystal Oscillator 

Any device with a reasonable gain can be 
made to oscillate by applying positive feed¬ 
back in controlled amounts. The 521 will 
lend itself to crystal control easily, provided 
the crystal is used in its fundamental mode. 
Figure 5-62 shows a typical oscillator cir¬ 
cuit. 

The crystal is operated in its series resonant 
mode, providing the necessary feedback 
through the capacitor to the input of the 521. 
The resistor Radj is used to control the 
amount of feedback for symmetry. Oscilla¬ 
tions will start whenever a circuit disturb¬ 
ance such as turning on the power sup¬ 
plies occurs. The 521 will oscillate up to 
70MHz. However, crystals with frequencies 
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Figure 5-61 b 


CRYSTAL OSCILLATOR 



Figure 5-62 
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higher than about 20MHz are usually oper¬ 
ated in one of their overtones. To build an 
oscillator for a specific overtone requires 
tuned circuits in addition to the crystal to 
provide the necessary mode suppression. If 
the spurious modes are not tuned out the 
crystal will oscillate at the fundamental 
frequency. Higher frequency oscillators 
could be realized using input and output 
mode suppression or tuning. The 522 Is 
especially desirable since the bare collector 
topology allows the output to be collector 
tuned readily. 

Analog to Digital Converter 

There are many types of A to D converter 
designs, each having its own merits. How¬ 
ever, where speed of conversion is of prime 
interest the multi-threshold conversion type 
is used exclusively. It is apparent from Fig¬ 
ure 5-63 that the conversion speed of this 
design is the sum of the delay through the 
comparator and the decoding gates. 

The sacrifices which must be made to ob¬ 
tain speed are the number of components, 
bit accuracy and cost. The number of com¬ 
parators needed for an N-bit converter is 
2n-1. Although the 521 provides two com¬ 
parators per package, the length of parallel 
converters is usually limited to less than 4 
bits. Accuracy of multi-threshold A-D con¬ 
verters also suffers since the integrity of 
each bit is dependent upon comparator 
threshold accuracy. 

The implementation of a 3-bit parallel A-D 
converter is shown in Figure 5-64 with a 3- 
bit digital equivalent of an analog input 
shown in Figure 5-63. 

Reference voltages for each bit are devel¬ 
oped from a precision resistor ladder net¬ 
work. Values of R and 2R are chosen so that 
the threshold is one half of the least signifi¬ 
cant bit. This assures maximum accuracy of 
±1/2 bit. 

It is apparent from the schematic that the 
individual strobe line and duality features of 
the 521 have greatly reduced the cost and 
complexity of the design. The speed of the 
converter is graphically illustrated by the 
photo of Figure 5-63. All 3-bit outputs have 
settled and are true a mere 15ns after the 
input step of 3 volts has arrived. The output 
is usually strobed into a register only after a 
certain time has elapsed to insure that all 
data has arrived. 

Logic Interface 

During the design of the 527 and 529 de¬ 
vices, particular attention was paid to the 
biasing network so that balanced supplies 
need not be provided. For example, if the 
“ground” terminal is set at -5.2 volts and the 


other supplies are adjusted accordingly, the 
output logic 1 state will be at -1.5 volts and 
logic 0 will be at -5.0 volts. With this freedom 
of power supply voltage, the user may ad¬ 
just the output swings to match the desired 
logic levels even if that logic is other than 
TTL levels. 


ECL to TTL Interface 

Emitter coupled logic is becoming very 
popular due to its speed. Systems are often 
built around standard TTL logic with those 
portions requiring higher speed being im¬ 
plemented with emitter coupled logic. As 


PARALLEL A-D RESPONSE 
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Figure 5-63 
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soon as such a decision is made the prob¬ 
lem of interfacing TTL to ECL logic levels is 
encountered. The standard logic output 
swings Of ECL are -0.8V to -1.8V at room 
temperatures. Converting these signals to 
TTL levels is accomplished simply by using 
the basic voltage Comparator circuit with 
slight modifications. Figure 5-65 reveals 
that the power supplies have been shifted in 
order to shift the common mode range more 
negative. This insures that the common 
mode range is not exceeded by the logic 
inputs. Since ECL is extremely fast the 529 
is usually selected because of its superior 
speed so that a minimum of time is lost in 
translation. 

TTL to ECL 

Operating in the reverse, TTL levels can also 
be converted to ECL levels by the 529. Again 
the 529 is selected as the fastest converter 
with the necessary power supply flexibility 
to accomplish the level shifting with a mini¬ 
mum of effort and cost. 

A check of output voltage for the 529 reveals 
that the voltage is slightly less than required 
by the ECL logic for fast switching. R2 and 
the diode of Figure 5-66 raises the gate 
supply voltage and therefore the 529 output 
voltage by 0.7V sufficient to guarantee fast 
switching of the translator. Resistive pull up 
from the 529 output to Vcc can also be used 
with the gate supply grounded. This method 
is dependent upon RC time constants of 
distributed capacitance and is therefore 
much slower. 

Photo Diode Detector 

Responding to the presence or absence of 
light, the photo diode increases or de¬ 
creases the current through it. Detecting the 
changes becomes a matter of converting 
light and dark currents to voltage across a 
resistor as shown in Figure 5-67. R1 is 
selected to be large enough to generate 
detectable differences between light and 
dark conditions. Once the signal levels are 
defined by R1 and the diode characteristics, 
the average between light and dark signals 
is used for V reference and is produced by 
the resistive divider consisting of R1 and R2. 
The comparator then produces an output 
dependent upon the presence or absence of 
light upon the diode. 

SENSE AMPLIFIERS 

Closely related to the comparator is the 
sense amplifier. Signals derived from the 
many sources such as transducers and core 
memories are not of sufficient amplitude to 
be compatible with subsequent logic. It then 
becomes necessary to amplify and convert 
the signal to TTL levels, which is the respon¬ 
sibility of the sense amplifier. 


As an example, the 1103 MOS RAM output is 
of the bare drain variety. Hence the output 
of the memory takes the form of a current for 
a one level with zero current for a zero level. 

It remains, then, for the user to convert 
these currents to TTL levels. A terminating 
resistor from the drain to ground provides a 
voltage output proportional to the current 
and the resistor size. Larger signals can be 
produced by larger resistors; but in practice 
resistors larger than Ik ohm are avoided 
because of increasing access time. Distrib¬ 
uted capacitance forms a time constant with 
this output resistance causing slow rise and 
fall times when the resistor is large, adding 
to the access time. 


Virtually any voltage comparator or sense 
amplifier can be used. Since total time is the 
sum of all delays, the sense amplifier is most 
often the fastest available. Signetics com¬ 
parators 521 and 522 are ideal in this appli¬ 
cation because of low input offset voltages 
and vdry fast response. Using these Schott- 
ky clamped comparators significantly re¬ 
duces the total cycle time of the memory. 

Design of the sense amplifier network de¬ 
pends upon the 1103 used (1103 or 1103-1) 
and the input characteristics. Two sense 
amplifiers will be discussed in this applica¬ 
tion, the 521/522 and the 75107/75108. Both 
sets of devices are very similar In operation 
with basic differences in input parameters 


ECL TO TTL TRANSLATOR 


+5 V 



TTL TO ECL TRANSLATOR 

+5 V 



Figure 5-66 
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1103 MEMORY SENSE AMPLIFIER 


^STROBE 



All resistor values are in ohms. 

Figure 5-68 


and speed. The significiant specifications 
are given in Table 5-4. 


DEVICE 

VQs(mV) 

' B(mA) 

V„,^(MIN)(mV) 

SPEED (NS) 
(V,N=100mV) 

GAIN 

521 

10 

40 

15 

12 

5000 

522 

10 

40 

15 

15 

5000 

75107 

- 

75 

25 

25 

- 

75108 

- 

75 

25 

25 

- 


Table 5-4 IMPORTANT SENSE 
AMPLIFIER PARAMETERS 


Consideration must first be given to the 
differential input voltage requirements of 
the sense amplifier. The required reference 
voltage is calculated from the relationship: 

Vref < (I1 - Ib) R1 - Vdiff 

Where h is the 1103 output current, Ib is 
sense amplifier bias current and Vdiff is 
minimum differential voltage to switch the 
sense amplifier. 

Thus, referring to Figure 5-68, the calcula¬ 
tion for the 522 and the 1103-1 becomes: 

Vref < OOOmA — 40/iA) R — 15mV 

Hence Vref must be less than 71 mV fora 100 
ohm resistor. Values of R1 can be selected 
from 100 to 1000 ohms. Resistor values less 
than 100 ohms do not produce sufficient 
voltage swings while values over Ik ohm 
tend to generate excessive noise from 
capacitively coupled signals. 

In large systems noise coupled into the 
sense lines by stray capacitance can be very 
troublesome. Judicious layout patterns with 
sense lines being as short as possible will 
help, but large memories can still be difficult 


PHOTO DIODE DETECTOR 

+ 5 V 



to control. One method of eliminating noise 
is to use a balanced sense line as shown in 
Figure 5-69. 

During layout a dummy line is run parallel to 
the actual sense line in as close proximity as 
possible. One end is connected to the sense 
amplifier at the Vref point while the other end 
is left open. The normal sense line is con¬ 
nected as usual. Electrical noise imposed 
upon the pair of sense lines takes the form of 
a common mode signal and will be rejected 
by the sense amplifier. Signal currents in the 
sense line, on the other hand, form differen¬ 
tial signals at the sense amp causing the 
output to switch. 

Core Memory Sense Amps 

The core memory is another device requir¬ 
ing a sense amplifier. 

Figure 5-70 shows a simplified block dia¬ 
gram of memory organization in a compu¬ 
ter. The appropriate command to the ad¬ 
dress register selects the appropriate x and 
y address lines. Two wires are threaded 
through each core. One is common to all 
cores in that column arranging a matrix in 
which any x-address line and any y-address 
line has only one core in common. 

Both reading and writing are accomplished 
by driving current through the wires linking 
the cores. If this current exceeds a minimum 
value Im, the core is reset to zero. Therefore, 
by driving lm/2 through one of the x-address 
lines and through one of the y-address lines, 
any one core may be reset. Only the core 
common to both lines will receive the sum of 
the currents and will be reset. The rest of the 
cores receive lm/2 and will be only half- 
selected. For a core to be set to the “1 ” state, 
the current is reversed in the two selecting 
wires. 


A sense line linking all the cores in the plane 
together couples the read data out of the 
array. In order to read a specific core, a “0” is 
first written into that core. If its initial state 
was at “1”, it is reset, generating a pulse on 
the sense line. If the core is in “0” state, no 
signal results. 

The high currents used in core memory 
generate a good deal of noise. The sense 
amplifier used must be able to detect the 
difference between the disturbed one volt¬ 
age, without responding to undesired sig¬ 
nals. The threshold voltages of the sense 
amplifier should be adjusted to approxi¬ 
mately the mid-point between the sum of 
the disturbed zero voltages and the mini¬ 
mum disturbed one voltage as defined in 
Figure 5-71. 

The region on either side of the threshold 
voltage in which the sense amplifier cannot 
detect the difference between a 0 and a 1 is 
called the uncertainty region. This region is 
the sum of the varition of the input threshold 
voltage and the differential offset voltage 
and must be less than the voltage difference 
between ones and zeros generated by the 
memory core. 

Signetics series N7520 Dual Core Memory 
Sense Amplifiers, successfully solve the 
basic sense amplifier problems: It provides 
a stable narrow input threshold, an adjust¬ 
able reference and output logic functions to 
fulfill the several variations required in dif¬ 
ferent core memory systems. 

The N7520 series uses the “true compara¬ 
tor” technique to achieve superior amplifier 
threshold performance. A unique circuit 
design of the internal logic guarantees the 
fastest possible propagation. Series N7520 
is pin compatible with other 7520 series and 
offers the user these advantages: 
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TYPICAL DIGITAL COMPUTER 
MEMORY ORGANIZATION 



Figure 5-70 



a. True Comparator technique guarantees 
that narrow input threshold devices can 
be built in volume production. 

b. An external capacitor is not required for 
stability. True Comparator technique al¬ 
lows use of simple single stage preamp. 

c. Clamp diodes are provided at all gate and 
strobe inputs. 

Figure 5-72 illustrates the necessary con¬ 
nections to utilize the 7524 sense amplifier. 
The reference voltage against which the 
sense voltage is compared is derived via the 
resistor divider network from the 5 volt 
supply. Other connections are straight for¬ 
ward and for the most part self explanatory. 

Care should be exercised in the board lay¬ 
out to minimize stray coupling of signals. Of 


extreme importance to the device, the refer¬ 
ence voltage must be kept as clean as possi¬ 
ble. For instance, ground currents from the 
gate structure should not be allowed to pass 
near the reference terminals before finding 
system ground. Small voltages generated 
by this current can cause reference instabil¬ 
ity. Oscillations and general poor perform¬ 
ance can also occur if proper techniques 
are not used in layout. 

55/75325 MEMORY DRIVERS 
TYPICAL APPLICATIONS 

Balanced Bipolar Logic Line Driver 

The circuit shown in Figure 5-73 converts 
standard TTL logic to bipolar logic. Bipolar 
logic is primarily used in transmitting data 


or clock pulses over long lines. This line- 
driver may be operated from a single 5 volt 
supply: however; the output drive may be 
increased by raising the supply voltage to 
the source collectors. The circuit features a 
tri-state output which is off during the ab¬ 
sence of data, thus not dissipating high 
power. It provides a balanced drive circuit 
giving maximum noise immunity when used 
with the proper line receiver. Large drive 
levels can be used to further increase noise 
immunity. The circuit is capable of driving 
twisted-pair lines of several miles in length 
or low-impedance coaxial lines. 

In memory-drive applications the 75325 (or 
for full-temperature operation, the 55325) 
can be connected in any of several ways. 
Typically, however, sources and sinks are 
arranged in pairs from which many drive- 
lines branch off as shown in Figure 5-74. 
Here each drive-line is served by a unique 
combination of two source/sink pairs so 
that a selection matrix is formed. To select 
drive-line 13, 75154 No. 1 must be set to 3 
(with mode select high), enabling source X 
of 75325 No. 2 to drive lines 12 through 15, 
and 74154 No. 2 must be set to 2, providing a 
sink at Y of 75325 No. 4 for drive-line 13 only. 
Alternatively, to drive current in drive-line 
13 in the opposite direction, only the mode- 
select voltage would be changed from high 
to low. The size of such a matrix is limited 
only by the number of drive-lines that a 
source/sink pair can serve. This number in 
turn depends on the capacitive and induc¬ 
tive load that each drive-line of the particu¬ 
lar system imposes on the driver. A 256- 
drive-line selection matrix is shown in 
Figure 5-75. These 256 drive-lines are suffi¬ 
cient to serve (256/2)2 = 16,384 individual 
cores. 

External Resistor Calculation 

A typical magnetic-memory word-drive re¬ 
quirement is shown in Figure 5-76. A 
source-output transistor of one 75325 deliv¬ 
ers load current (II). The sink-output tran¬ 
sistor of another 75325 sinks this current. 

The value of the external pull-up resistor 
(Rext) for a particular memory application 
may be determined using the following 
equation: 

16(VcC2(min)-Vs-2.2) 

Rext- 

II - 1.6 (Vcc 2 (min) - Vs - 2.9) 

(Equation 1) 

where: Rext is in kn, 

Vcc2(min) is the lowest expected 
value of Vcc2 in volts. 

Vs is the source output voltage in 
volts with respect to ground, 

II is in mA. 
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TYPICAL SENSE AMPLIFIER HOOK UP USING 7524 



The power dissipated in resistor Rext during 
the load current pulse duration is calculated 
using Equation 2, 

II 

Ppext 7 -[VcC 2 (min) - Vs - 2] 

16 

(Equation 2) 

where: Ppext is in mW. 


After solving for Rext, the magnitude of the 
source collector current (Ics) is determined 
from Equation 3, 


Ics “ 0.94 II 
where: Ics is in mA. 


(Equation 3) 


As an example, let Vcc 2 (min) = 20V and Vl = 
3V while II of 500mA flows. 


Using Equation 1, 


16(20-3-2.2) 

Rext ~-~ 0.5kn 

500 - 1.6 (20 - 3 - 2.9) 


BALANCED BIPOLAR LOGIC LINE DRIVER 




b. Voltage Waveforms 

All resistors values are typical and in ohms. 

*R and C are adjusted to give the desired bipolar output pulse width. 

Figure 5-73 
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Figure 5-75 
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and from Equation 2, 

500 

PRext = -(20 - 3 - 2) « 470mW 

16 

The amount of the memory system current 
source (Ics) from Equation 3 is: 

Ics « 0.94 (500) =« 470mA 

In this example the regulated source-output 
transistor base current through the external 
pull-up resistor (Rext) and the source gate is 
approximately 30mA. This current and Ics 
comprise II. 

VIDEO AMPLIFIER PRODUCTS 

592 Video Amplifier 

The 592 is a two stage differential output, 
wideband video amplifier with voltage gains 
as high as 400 and bandwidths up to 
120MHz. 

Three basic gain options are provided. 
Fixed gains of 400 and 100 result from 
shorting together gain select pins Gia — 
Gib and G 2 A—G 2 b respectively. As shown 


by Figure 5-78 the emitter circuits of the THERMAL INFORMATION 
differential pair return thru independent 
current sources. This topology allows no 
gain in the input stage if all gain select pins 
are left open. Thus the third gain option of 
tying an external resistance across the gain 
select pins allows the user to select any 
desired gain from 0 to 400 volts per volt. The 
advantages of this configuration will be 
covered in greater detail under the filter 
application section. 

Three factors should be pointed out at this 
time: 

1. The gains specified are differential. 

Single ended gains are one half the stated 
value. 

2. The circuit 3dB bandwidths are a func¬ 
tion of and are inversely proportional to 
the gain settings. 

3. The differential input impedance is an 
inverse function of the gain setting. 

In applications where the signal source is a 
transformer or magnetic transducer the 
Input bias current required by the 592 may 
be passed directly thru the source to 
ground. Where capacitive coupling is to be 
used, the base inputs must be returned to 
ground through a resistor to provide a dc 
path for the bias current. 

Due to offset currents, the selection of the 
input bias resistors is a compromise. To 
reduce the loading on the source, the resis¬ 
tors should be large, but to minimize the 
output dc offset, they should be small — 
ideally 0 ohms. Their maximum value is set 
by the maximum allowable output offset 
and may be determined as follows: 

1. Define the allowable output offset (as¬ 
sume 1.5V). 

2. Subtract the maximum 592 output offset 
(from the data sheet). This gives the out¬ 
put offset allowed as a function of input 
offset currents (1.5V — 1.0V = 0.5V). 

3. Divide by the circuit gain (assume 100). 

This refers the output offset to the input. 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



110 120 130 1 

Tc - CASE TEMPERATURE - 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



20 30 40 50 60 70 80 90 100 110 120 130 

Ta — FREE AIR TEMPERATURE — °C 


NOTE A rated operating free add temperature 
ranges must be observed regardless of 
heat sinking. 


Figure 5-77 


PARAMETER 

501 

592 

733 

BANDWIDTH 

150 

120 

120 

(MH^) 




GAIN 

6, 10, 20, 50 

0,100,400 

10,100,400 

Rin 

1 

4-30 

4-250 

(K) 




Vpp 

3.5 

4.0 

4.0 

(VOLTS) 





Table 5-5 VIDEO AMPLIFIER COMPARISON FILE 
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VIDEO AMPLIFIER WITH HIGH 
LEVEL DIFFERENTIAL OUTPUT 



Figure 5-79 


4. The maximum input resistor size is: 

Rmax = Input Offset Voltage 

Max Input Offset Current 

.005V 

3tiA 

= 1.67kn 

Of paramount importance during the design 
of the 592 device was bandwidth. I n a mono¬ 
lithic device, this precludes the use of pnp 
transistors and standard level shifting tech¬ 
niques used in lower frequency devices. 
Thus without the aid of level shifting the 
output common mode voltage present on 
the 592 is typically 2.9 volts. Most applica¬ 
tions, therefore, require capacitive coupling 
to the load. An exception to the rule is a 
differential amplifier with an input common 
mode range greater than +2.9V as shown in 
Figure 5-79. In this circuit, the 592 drives a 
511B transistor array connected as a differ¬ 
ential cascode amplifier. This amplifier is 
capable of differential output voltages of 
48V peak-to-peak with a 3dB bandwidth of 
approximately 10MHz (depending on the 
capacitive load). For optimum operation, R1 
is set for a no signal level of +18V. The 
emitter resistors. Re, were selected to give 
the cascode amplifier a differential gain of 
10. The gain of the composite amplifier is 
adjusted at the gain selected point of the 
592. 


592 INPUT STRUCTURE 



All resistor values are in ohms. 


Figure 5-78 


Filters 

As mentioned earlier, the emitter circuit of 
the 592 includes two current sources. Since 
the stage gain is calculated by dividing the 
collector load impedance by the emitter 
Impedance, the high impedance contribut¬ 
ed by the current sources causes the stage 
gain to be zero with all gain select pins open. 
As shown by the gain vs. frequency graph of 
Figure 5-80 the overall gain at low frequen¬ 
cies is a negative 48dB. 

Higher frequencies cause higher gain due 
to distributed parasitic capacitive react¬ 
ance. This reactance in the first stage emit¬ 
ter circuit causes increasing stage gain until 
at 10MHz the gain is OdB or unity. 

Referring to Figure 5-81, the impedance 
seen looking across the emitter structure 
includes small re of each transistor. 

Any calculations of impedance networks 
across the emitters then must include this 
quantity. The collector current level is ap¬ 
proximately 2mA causing the quantity of 2 
re to be approximately 32 ohms. Overall 
device gain is thus given by 

Vo(S) ^ 1.4 X 104 

Vin(S) Z(S) + 32 

where Z(S) can be a resistance or a reactive 
impedance. Table 5-6 summarizes the 
possible configurations to produce low, 
high, and bandpass filters. The emitter im¬ 
pedance is made to vary as a function of 
frequency by using capacitors or Inductors 
to alter the frequency response. Included 
also In Table 5-6 is the gain calculation to 
determine the voltage gain as a function of 
frequency. 


Differentiation 

With the addition of a capacitor across the 
gain select terminals the 592 becomes a 
differentiator. The primary advantage of 
using-the emitter circuit to accomplish dif¬ 
ferentiation is the retention of the high 
common mode noise rejection. Disc file 
playback systems rely heavily upon this 
common mode rejection for proper opera¬ 
tion. 

Disc file Decoding 

In recovering data from disc or drum files, 
several steps must be taken to pre-condition 
the linear data. The NE592 video amplifier, 
coupled with the 8T20 bi-directional one- 
shot, provides all the signal conditioning 
necessary for phase encoded data. 

When data is recorded on a disc, drum or 
tape system, the readback will be a Gaus¬ 
sian shaped pulse with the peak of the pulse 
corresponding to the actual recorded trans¬ 
ition point. This readback signal is usually 
500/xV p-p to 3mV p-p for oxide coated disc 
files and 1 to 20mV p-p for nickel-cobalt disc 
files. In order to accurately reproduce the 
data stream originally written on the disc 
memory, the time of peak point of the Gaus¬ 
sian readback signal must be determined. 

The classical approach to peak-time deter¬ 
mination is to differentiate the input signal. 
Differentiation results in a voltage propor¬ 
tional to the slope of the input signal. The 
zero-crossing point of the differentiator, 
therefore, will occurwhen the input signal is 
at a peak. Using a zero-crossing detector 
and one-shot, therefore, results in pulses 
occurring at the input peak points. 
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VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 
(ALL GAIN SELECT PINS OPEN) 
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Figure 5-80 


Z NETWORK 


FILTER 

TYPE 


Vq (s) transfer 
Vi (s) function 


R _ 

O-vw-nnnrv. 


LOW PASS 


1.4 X 10^ r 1 
L [$+R/L 




C 


1.4 X 10^ 


< 10 ^ r s 

R [$+1/RC 


R L C 

o VA——II-o 


BAND PASS 


1.4 X 10^ r _s_' 

L [s2+R/L s+1/LC 



BAND REJECT 


1.4 X 10^ 


s2 1/LC 1 
$2+ 1 /LC + $/RcJ 


NOTE: In the networks above, the R value used is assumed to include 2 re, or 
approximately, 32 ohms. 

Table 5-6 FILTER NETWORKS 


A circuit which provides the pre¬ 
conditioning described above is shown in 
Figure 5-83. Readback data is applied di¬ 
rectly to the input of the first 592. This 
amplifier functions as a wideband ac cou¬ 
pled amplifier with a gain of 100. The NE592 
is excellent for this use because of its high 
phase linearity, high grain and ability to 
directly couple the unit with the readback 
head. By direct coupling of readback head 
to amplifier, no matched terminating resis¬ 
tors are required and the excellent common 
mode rejection ratio of the amplifier is pre¬ 
served. DC components are also rejected 
because the 592 has no gain at dc due to the 
capacitance across the gain select termi¬ 
nals. 


BASIC GAIN CONFIGURATION 



Vo (s) ^ 1.4x 10‘» 
Vi (s) Z(s) + 2re 

= 1-4 X 10^ 
Z(s) + 32 


Figure 5-81 


The output of the first stage amplifier is 
routed to a linear phase shift low pass filter. 
The filter is a single stage constant K filter, 
with a characteristic impedance of 200n. 
Calculations for the filter are as follows: 

L = 2R/ft>c Where R = characteristic impedance 
(ohms) 

C = 1/a>c coc = cutoff frequency (radians/sec) 

The second 592 is utilized as a low noise 
differentiator/amplifier stage. The 592 is 
excellent in this application because it al¬ 
lows differentiation with excellent common 
mode noise rejection. 

The output of the differentiator/amplifier is 
connected to the 8T20 bi-directional mon¬ 
ostable unit to provide the proper pulses at 
the zero-crossing points of the differentia¬ 
tor. 

The circuit in Figure 5-83 was tested with an 
input signal approximating that of a read- 
back signal. The results are shown in Figure 
5-85. 

Automatic Gain Control 

The 592 can also be connected in conjunc¬ 
tion with a MC1496 balanced modulator to 
form an excellent automatic gain control 
system. With the circuit of Figure 5-84, the 
signal is fed to the signal input of the 
MC1496 and RC coupled to the 592. 
Unbalancing the carrier input of the 
MC1496 causes the signal to pass thru 
unattenuated. Rectifying and filtering one 
of the 592 outputs produces a dc signal 
which Is proportional to the ac signal ampli¬ 


tude. After filtering this control signal is 
applied to the MCI496 causing its gain to 
change. 

LINE DRIVERS AND RECEIVERS 

Many types of line drivers and receivers are 
available today. Each device has been de¬ 
signed to meet specific criteria. For in¬ 
stance, the device may be extremely wide 
band or be intended for use in party line 
systems. Some include built in hysteresis in 
the receiver while others do not. 


DIFFERENTIAL WITH HIGH 
COMMON MODE NOISE REJECTION 

+6 



For frequency Fi « 1/2 7r(32)C 

Vo si .4 X 104C-^ 

uT 

All resistor values are in ohms. 


Figure 5-82 
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The EIA Standard 

The Electronic Industries Association has 
produced a set of specifications dealing 
with the transmission of data between data 
terminal and communications equipment. 
This is EIA Standard RS-232-C and delin¬ 
eates much information about signal levels 
and hardware configurations in data sys¬ 
tems. 


MC1488/1489 

As line driver and receiver the MC1488 and 
MC1489 meet or exceed the RS-232 specifi¬ 
cation. 

Standard RS-232 defines the voltage level 
as being from 5 to 15 volts with positive 
voltage representing a logic 0. The MCI488 
meets these requirements when loaded with 
resistors from 3k to 7k ohms. 


Output slew rates are limited by RS-232 to 
30 volts per microsecond. To accomplish 
this specification the MC1488 is loaded at its 
output by capacitance as shown by the 
typical hookup diagram of Figure 5-86. A 
graph of slew rate vs output capacitance is 
given in Figure 5-87. For the standard 
30V//US a capacitance of 300pF is selected. 

The short circuit current charges the capac¬ 
itance with the relationship. 

^ _ IscAT 

^-AV 

The EIA standard also states that output 
shorts to any other conductor of the cable 
must not damage the driver. Thus the 
MC1488 is designed such that the output 
will withstand shorts to other conductors 
indefinitely even if these conductors are at 
worst case voltage levels. In addition to 
output protection the MC1488 includes a 
300 ohm resistor to ensure that the output 
impedance of the driver will be at least 300 
ohms even if the power supply is turned off. 
In cases where power supply malfunction 
produces a low impedance to ground, the 
300 ohm resistors are shorted to ground 
also. Output shorts then can cause exces¬ 
sive power dissipation. Preventing such a 
case from happening, series diodes should 
be included in both supply lines as pictured 
in Figure 5-88. 

The companion receiver MC1489 is also 
designed to meet RS-232 specifications for 
receivers. It must detect a voltage from ±3 to 
±25 volts as logic signals but cannot gener¬ 
ate a differential voltage of greater than 2 
volts should its inputs become open circuit¬ 
ed. Noise and spurious signals are rejected 
by incorporating positive feedback internal¬ 
ly to produce hysteresis. Featured also in 
the receiver is an external response node so 
that the threshold may be externally varied 
to fit the application. Figure 5-89 shows the 
shift in high and low trip points as a function 
of the programming resistance. 

PERIPHERAL DRIVERS 

Peripheral drivers are general purpose in¬ 
terface devices which interface between 
logic and devices requiring high current. 

Application Areas 



POWER SWITCHING 

• Relay Drivers 

• Electromechanical Controls 

• SCR or TRIAC Gates 

LAMP DRIVERS 

• Pilot Lamps 

• Intensity Control 
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TYPICAL LINE DRIVER-RECEIVER APPLICATION 



Figure 5-86 


LEVEL SHIFTERS 

• TTL-to-MOS 

• MOS-to-TTL 

SIGNAL COMPARISON 

• In-Phase Logic Detector 

SIGNAL GENERATION 

• Square Wave Generator 

TIMING 

• Dual Channel One Shot 

• Two Phase MOS Clock Driver 

Basic Requirements for a 
Peripherai Driver 

• Input Logic Compatibility 

• High Output Current/High Voltage Com¬ 
pliance 


OUTPUT SLEW RATE vs. LOAD CAPACITANCE 



PROTECTION FROM POWER 
SUPPLY MALFUNCTION 


^cc o— w- 


^14 


o--{3>^ 

Eg: 


Vee O- 


rf 



Figure 5-88 
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PERIPHERAL DRIVER 



AND, NAND, OR, 
NOR FUNCTIONS 


Figure 5-90 


• High Speed 

• Application Versatility 

Other Requirements Include: 

• Compatability with popular supply volt¬ 
ages 

• Medium to high power capability 

• Economical packaging 

• Good pin arrangement 

A peripheral driver has two basic building 
blocks: 

(See Figure 5-90) 

1. TTL gate 

2. Discrete transistor with good output 
drive capabilities 


DARLINGTON TRANSISTOR 
ARRAYS 

Darlington Transistor Arrays are high volt¬ 
age, high current arrays comprised of sev¬ 
en silicon npn Darlington pairs on a com¬ 
mon monolithic substrate. 

ULN 2001 Series 

The ULN 2001 Series features 

• General purpose (DTL, TTL, PMOS, 
CMOS) 

• High current: 500mA continuous 


• High voltage: VCE = 50V 

• Output suppression diodes 

• Fast switching: Vs typ. 

Sfis max. 

• Open collector outputs 

NE 5501 Series 

The NE 5501 Series features are the same as 
the ULN 2001 Series with the following ex¬ 
ceptions: 

• High voltage: VCE = 90V 

• High current: 350mA continuous 


DEVICE 

FEATURES 

75450B 

30 volt breakdown, 24-35ns 

75451B 

switching, choise of logic 

75452B 

function, 300mA output 

DS3611 

80 volt breakdown 

DS3612 

100-300ns switching 

DS3613 

speed, 300mA 

DS3614 

output 

UDN5711 

Same as DS3611 series with 

UDN5712 

the addition of output 

UDN5713 

UDN5714 

suppression diodes 

ULN2001 

General purpose 

ULN2002 

Darlington NPN 

ULN2003 

Transistor arrays 

ULN2004 

50 volt breakdown 

500mA output 

Output suppression diodes 

NE5501 

Same as ULN 2001 series except 

NE5502 

for 90 volt breakdown, and 350mA 

NE5503 

NE5504 

output 


TABLE 5-7 PERIPHERAL DRIVER PRODUCTS 


Typical Applications 
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INTRODUCTION 

In mid 1972, Signetics introduced the 
555 timer, a unique functional building 
block that has enjoyed unprecedented 
popularity. The timer's success can be 
attributed to several inherent character¬ 
istics foremost of which are versatility, 
stability and low cost. There can be no 
doubt that the 555 timer has altered the 
course of the electronics industry with 
an impact not unlike that of the I.C. 
operational amplifier. 

The simplicity of the timer in conjunc¬ 
tion with its ability to produce long time 
delays in a variety of applications has 
lured many designers from mechanical 
timers, op amps, and various discrete 
circuits into the ever increasing ranks 
of timer users. 

DESCRIPTION 

The 555 timer consists of two voltage 
comparators, a bistable flip-flop, a dis¬ 
charge transistor, and a resistor divider 
network. To understand the basic con¬ 
cept of the timer let's first examine the 
timer in block form as in Figure 6-1. 


The resistive divider network is used to 
set the comparator levels. Since all three 
resistors are of equal value, the threshold 
comparator is referenced internally at 
2/3 of supply voltage level and the trig¬ 
ger comparator Is referenced at 1/3 of 
supply voltage. The outputs of the com¬ 
parators are tied to the bistable flip-flop. 
When the trigger voltage Is moved below 
1/3 of the supply, the comparator 


changes state and sets the flip-flop driv¬ 
ing the output to a high state. The 
threshold pin normally monitors the 
capacitor voltage of the RC timing net¬ 
work When the capacitor voltage 
exceeds 2/3 of the supply, the threshold 
comparator resets the flip-flop which In 
turn drives the output to a low state. 
When the output is in a low state, the 
discharge transistor is "on", hereby dis¬ 
charging the external timing capacitor. 
Once the capacitor is discharged, the 
timer will await another trigger pulse, 
the timing cycle having been completed. 

The 555 and its complement, the 556 
Dual Timer, exhibit a typical initial 
timing accuracy of 1% with a 50ppm/°C 
timing drift with temperature. To oper¬ 
ate the timer as a one shot, only two 
external components are necessary; resis¬ 
tance & capacitance. For an oscillator, 
only one additional resistor is necessary. 
By proper selection of external com¬ 
ponents, oscillating frequencies from 
one cycle per half hour to 500KHz can 
be realized. Duty cycles can be adjusted 
from less than one percent to 99 percent 
over the frequency spectrum. Voltage 


control of timing and oscillation func¬ 
tions is also available. 

Timer Circuitry 

The timer is comprised of five distinct 
circuits; two voltage comparators, a 
resistive voltage divider reference, a bi¬ 
stable flip-flop, a discharge transistor, 
and an output stage that is the "totem 
pole" design for sink or source capability. 


Qio - Qi 3 comprise a Darlington dif¬ 
ferential pair which serves as a trigger 
comparator. Starting with a positive 
voltage on the trigger; Qio and Qi i 
turn on when the voltage at pin 2 is 
moved below one third of the supply 
voltage. The voltage level is derived 
from a resistive divider chain consisting 
of R?, Rs and R 9 . All three resistors 
are of equal value (5K ohms). At fif¬ 
teen volts supply, the triggering level 
would be five volts. When Qio and Qi 1 
turn on, they provide a base drive for 
Qis, turning it on. Q 16 and Q 17 form 
a bistable flip-flop. When Qis is satu¬ 
rated, Qi 6 is 'off' and Q 17 is saturated. 
Qi 6 and Q 17 will remain in these states 
even if the trigger is removed and Qis 
is turned 'off'. While Q 17 is saturated, 
Q 20 and Qi 4 are turned off. 

The output structure of the timer is a 
"totem pole"design, with Q 22 and Q 24 
being large geometry transistors capable 
of providing 200mA with a fifteen volt 
supply. While Q 20 is 'off', base drive is 
provided for Q 22 by Q 21 , thus provid¬ 
ing a high output. 

For the duration that the output is in 
a high state, the discharge transistor is 
'off'. Since the collector of Qi4 is typ¬ 
ically connected to the external timing 
capacitor, C, while Qi4 is off the timing 
capacitor now can charge thru the tim¬ 
ing resistor, R^. 

The capacitor voltage is monitored by 
the threshold comparator (Qi - Q 4 ) 
which is a Darlington differential pair. 
When the capacitor voltage reaches two 
thirds of the supply voltage, the current 
is directed from Q 3 and Q 4 thru Qi and 
Q 2 . Amplification of the current change 
is provided by Qs and Q6. Qs - Qe and 
Q 7 - Qs comprise a diode-biased ampli¬ 
fier. The amplified current change from 
Q6 now provides a base drive for Q 16 
which is part of the bistable flip-flop to 
change states. In doing so, the output Is 
driven "low", and Q 14 the discharge 
transistor is turned "on" shorting the 
timing capacitor to ground. 

The discussion to this point has only 
encompassed the most fundamental of 
the timer's operating modes and cir¬ 
cuitry. Several points of the circuit are 
brought out to the real world which 
allow the timer to function in a variety 
of modes. It is important; more than 
that, it is essential that one understands 
all the variations possible in order to 
utilize this device to its fullest extent. 


555/556 TIMER FUNCTIONAL BLOCK DIAGRAM 



Figure 6-1 
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SCHEMATIC 555 OR 1/2 556 DUAL TIMER 


5 



Figure 6-2 


Reset Function 

Regressing to the trigger mode, it should 
be noted that once the device has trig¬ 
gered and the bistable flip-flop set, con¬ 
tinued triggering will not interfere with 
the timing cycle. However, there may 
come a time when it is necessary to in¬ 
terrupt or halt a timing cycle. This is the 
function that the reset accomplishes. 

In the normal operating mode the reset 
transistor, Q 25 , is off with its base held 
high. When the base of Q 25 is grounded, 
it turns on, providing base drive to Q 14 , 
turning it on. This discharges the timing 
capacitor, resets the flip-flop at Q 17 , 
and drives the output low. The reset 
overrides all other functions within the 
timer. 

Trigger Requirements 

Due to the nature of the trigger circuitry, 
the timer will trigger on the negative 
going edge of the input pulse. For the 
device to time out properly, it is nec¬ 
essary that the trigger voltage level be 
returned to some voltage greater than 
one third of the supply before the time 
out period. This can be achieved by 
making either the trigger pulse suffi¬ 
ciently short or by AC coupling into 


the trigger. By AC coupling the trigger, 
see Figure 3, a short negative going pulse 
is achieved when the trigger signal goes 
to ground. AC coupling is most fre¬ 
quently used in conjunction with a 
switch or a signal that goes to ground 
which Initiates the timing cycle. Should 
the trigger be held low, without AC 
coupling, for a longer duration than the 
timing cycle the output will remain in a 
high state for the duration of the low 
trigger signal, without regard to the 
threshold comparator state. This is due 
to the predominance of Qis on the base 
of Qi 6, controlling the state of the bi¬ 
stable flip-flop. When the trigger signal 
then returns to a high level, the output 
will fall immediately. Thus, the output 
signal will follow the trigger signal in 
this case. 

Control Voltage 

One additional point of significance, the 
control voltage, is brought out on the 
timer. As mentioned earlier, both the 
trigger comparator, Qio - Qi3, and the 
threshold comparator, Qi - Q 4 , are ref¬ 
erenced to an Internal resistor divider 
network, R 7 , Rs, R 9 . This network es¬ 
tablishes the nominal two thirds of 
supply voltage (Vcc) trip point for the 
threshold comparator and one third of 
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THRESHOLD 


MONOSTABLE OPERATION 


Figure 6-4 



ASTABLE OPERATION 



Figure 6-5 


Vcc for the trigger comparator. The two 
thirds point at the junction of R?, Rs 
and the base of Q 4 is brought out. By 
imposing a voltage at this point, the 
comparator reference levels may be 
shifted either higher or lower than the 
nominal levels of one third and two 
thirds of the supply voltage. Varying the 
voltage at this point will vary the timing. 
This feature of the timer opens a mul¬ 
titude of application possibilities such as 
using the timer as a voltage controlled 
oscillator, pulse width modulator, etc. 
For applications where the control voltage 
function is not used, it is strongly rec¬ 
ommended that a bypass capacitor 
(.OIjuF) be place across the control volt¬ 
age pin and ground. This will increase 
the noise immunity of the timer to high 
frequency trash which may monitor the 
threshold levels causing timing error. 

Monostable Operation 

The timer lends itself to three basic 
operating modes: 

1. Monostable (one shot) 

2. Astable (oscillatory) 

3. Time delay 

By utilizing any one or combination of 
basic operating modes and suitable var¬ 
iations It is possible to utilize the timer 
in a myriad of applications. The applica¬ 
tions are limited only to the imagination 
of the designer. 

One of the simplest and most widely 
used operating modes of the timer is the 
monostable (one shot). This configura¬ 
tion requires only two external compo¬ 
nents for operation (See Figure 6-4). The 
sequence of events starts when a voltage 
below one third Vcc is sensed by the 
trigger comparator. The trigger is nor¬ 
mally applied in the form of a short 
negative going pulse. On the negative 
going edge of the pulse, the device trig¬ 
gers, the output goes high and the dis¬ 
charge transistor turns off. Note that 
prior to the input pulse, the discharge 
transistor is on, shorting the timing ca¬ 
pacitor to ground. At this point the tim¬ 
ing capacitor, C, starts charging thru the 
timing resistor, R. The voltage on the 
capacitor increases exponentially with a 
time constant T = RC. Ignoring capacitor 
leakage, the capacitor will reach the 
two thirds Vcc level in 1.1 time con¬ 
stants or 


T= 1.1 RC 

where T is in seconds; R is in ohms and; 
G is in Farads. This voltage level trips 
the threshold comparator, which in turn 


drives the output low and turns on the 
discharge transistor. The transistor dis¬ 
charges the capacitor, C, rapidly. The 
timer has completed its cycle and will 
now await another trigger pulse. 

Astable Operation 

In the astable (free run) mode, only one 
additional component, Rb is necessary. 


The trigger Is now tied to the threshold 
pin. At power up, the capacitor is dis¬ 
charged, holding the trigger low. This 
triggers the timer, which establishes the 
capacitor charge path thru Ra and Rb- 
When the capacitor reaches the thresh¬ 
old level of 2/3 Vcc, the output drops 
low and the discharge transistor turns 
on. 
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The timing capacitor now discharges 
thru Rb- When the capacitor voltage 
drops to 1/3 Vcc, the trigger comparator 
trips, automatically retriggering the 
timer, creating an oscillator whose fre¬ 
quency Is given by: 


1.49 

{RA + 2Rb) C 


Selecting the ratios or Ra and Rb varies 
the duty cycle accordingly. Lo and be¬ 
hold, we have a problem. If a duty cycle 
of less than fifty percent Is required, 
then what? Even if Ra = 0, the charge 
time cannot be made smaller than the 
discharge time because the charge path 
Is Ra + Rb while the discharge path is 
Rb alone. In this case It becomes 
necessary to insert a diode in parallel 
with Rb, cathode toward the timing ca¬ 
pacitor. Another diode is desireable, but 
not mandatory, this one in series with 
Rb, cathode away from the timing ca¬ 
pacitor. Now the charge path becomes 
Ra, thru the parallel diode into C. Dis¬ 
charge is thru the series diode and Rb 
to the discharge transistor. This scheme 
will afford a duty cycle range from less 
than 5% to greater than 95%. It should 
be noted that for reliable operation a 
minimum value of 3Kn for Rb is rec¬ 
ommended to assure that oscillation 
begins. 


METHOD OF ACHIEVING 
DUTY CYCLES LESS THAN 50% 


^cc 
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Figure 6-6 


Time Delay 


In this third basic operating mode, we 
aim to accomplish something a little 
different from monostable operation. In 
the monostable mode, when a trigger 
was applied, the output immediately 
changed to the high state, timed out, 
and returned to Its pre-trigger low state. 
In the time delay mode, we require the 
output not to change state upon trig¬ 
gering, but at some precalculated time 
after trigger is received. 


TIME DELAY OPERATION 

Vcc 



RFSET 

Figure 6-7 


The threshold and trigger are tied to¬ 
gether monitoring the capacitor voltage. 
The discharge function is not used. The 
operation sequence begins as transistor 
(Ti) is turned on, keeping the capacitor 
grounded. The trigger sees a low state 
and forces the timer output high. When 
the transistor Is turned off the capacitor 
commences its charge cycle. When the 
capacitor reaches the threshold level, 
then and only then does the output 
change from its normally high state to 
the low state. The output will remain 
low until T 1 is again turned on. 

GENERAL DESIGN 
CONSIDERATIONS 

The timer will operate over a guaranteed 
voltage range of 4.5 volts to 15 volts 
DC, with 16 VDC being the absolute 
max. rating. Most of the devices, how¬ 
ever, will operate at voltage levels as low 
as 3 VDC. The timing interval is inde¬ 
pendent of supply voltage since the 
charge rate and threshold level of the 
comparator are both directly proportion¬ 
al to supply. The supply volatage may be 
provided by any number of sources: 
however, several precautions should be 
taken. The most important, the one 
which provides the most headaches if 
not practiced, is good power supply 
filtering and adequate bypassing. Ripple 
on the supply line can cause loss of tim¬ 
ing accuracy. The threshold level shifts 
causing a change of charging current. 
This will cause a timing error for that 
cycle. 


Due to the nature of the output struc¬ 
ture, a high power totem pole design, 
the output of the timer can exhibit large 
current spikes on the supply line. By¬ 
passing is necessary to eliminate this 
phenomenon. A capacitor across the Vcc 
and ground, ideally, directly across the 
device Is necessary. The size of capacitor 
will depend on the specific application. 
Values of capacitance from .OljuF to 
lOjuF are not uncommon. Note that the 
bypass capacitor would be as close to 
the device as physically possible. 

Selecting External 
Components 

In selecting the timing resistor and ca¬ 
pacitor, there are several considerations 
to be taken into account. 

Stable external components are neces¬ 
sary for the RC network if good timing 
accuracy is to be rhaintained. The timing 
resistor(s) should be of the metal film 
variety if timing accuracy and repeata¬ 
bility are important design criteria. The 
timer exhibits a typical initial accuracy 
of one percent. That is, with any one 
RC network, from timer to timer only 
one percent change is to be expected. 
Most of the initial timing error (i.e. de¬ 
viation from the formula) is due to in¬ 
accuracies of external components. Re¬ 
sistors range from their rated values by 
.01% to 10 and 20 percent. Capacitors 
may have a 5 to 10 percent deviation 
from rated capacity. Therefore, in a 
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system where timing is critical, an adjus¬ 
table timing resistor or precision com¬ 
ponents are necessary. For best results, 
a good quality trim pot, placed in series 
with the largest feasible resistance will 
allow for best adjustability and perfor¬ 
mance. 

The timing capacitor should be a high 
quality, stable component with very low 
leakage characteristics. Under no cir¬ 
cumstances should ceramic disc capaci¬ 
tors be used in the timing network! 
Ceramic disc capacitors are not suffi¬ 
ciently stable in capacitance to operate 
properly in an RC mode. Several accept¬ 
able capacitor types are: silver mica, 
mylar, polycarbonate, polystyrene, tan- 
tulum or similar types. 

The timer typically exhibits a small nega¬ 
tive temperature coefficient (50ppm/°C). 
If timer accuracy over temperature is a 
consideration, timing components with 
a small positive temperature coefficient 
should be chosen. This combination will 
tend to cancel timing drift due to tem¬ 
perature. 

In selecting the values for the timing 
resistors and capacitor, several points 
should be considered. A minimum value 
of threshold current is necessary to trip 
the threshold comparator. This value Is 
.25//A. To calculate the maximum value 
of resistance, keep in mind that at the 
time the threshold current is required, 
the voltage potential on the threshold 
pin is two thirds of supply. Therefore: 


Vpotential = Vcc — Vcapacitor 

Vpotential = Vcc - 2/3 Vcc = 

1/3 Vcc 

Maximum resistance is then defined as 


D - Vcc — Vcao 
Ithrelh 

Example; Vcc = 15V 

Rmax = 25 (10-5) 20M12 


Vcc = 5V 

Rmax = ^5 (^0-^) 6.6MS2 

NOTE: If using a large value of timing 
resistor, be certain that the capacitor 
leakage is significantly lower than the 
charging current available to minimize 
timing error. 


On the other end of the spectrum, there 
are certain minimum values of resistance 
that should be observed. The discharge 
transistor, Qi4, Is current limited at 
35mA to 55mA internally. Thus, at the 
current limiting values, Qi 4 , establishes 
high saturation voltages. When examining 
the currents at Qi4, remember that the 
transistor, when turned on will be carry¬ 
ing two current loads. The first being 
the constant current thru timing resis¬ 
tor, Ra- The second will be the varying 
discharge current from the timing capac¬ 
itor. To provide best operation the cur¬ 
rent contributed by the Ra path should 
be minimized so that the majority of 
discharge current can be used to reset 
the capacitor voltage. Hence it is rec¬ 
ommended that a 5K ohm value be the 
minimum feasible value for Ra- This 
does not mean lower values cannot be 
used successfully in certain applications. 
Yet there are extreme cases that should 
be avoided if at all possible. 

Capacitor size has not proven to be a 
legitimate design criteria. Values ranging 
from picofarads to greater than one 
thousand microfarads have been used 
successfully. One precaution need be 
utilized though. (It should be a cardinal 
rule that applies to the usage of all I C's.) 
Make certain that the package power 
dissipation is not exceeded. With ex¬ 
tremely large capacitor values, a max¬ 
imum duty cycle which allows some 
cooling time for the discharge tran¬ 
sistor, may be necessary. 

The most important characteristic of 
the capacitor should be as low a leakage 
as possible. Obviously any leakage will 
subtract from the charge count causing 
the calculated time to be longer than 
anticipated. 

Control Voltage 

Regressing momentarily, we recall that 
the control voltage pin is connected 
directly to the threshold comparator at 
the junction of Rv, or Rs.The combina¬ 
tion of R?, Rs and R9 comprise the 
resistive voltage divider network that es¬ 
tablishes the nominal 1/3 Vcc trigger 
comparator level (junction Rs, R 9 ) and 
the 2/3 Vcc level for the threshold com¬ 
parator (junction R?, Rs). 

For most applications, the control volt¬ 
age function is not used and therefore 
Is bypassed to ground with a small capac¬ 
itor for noise filtering. The control volt¬ 
age function. In other applications be¬ 
comes an integral part of the design. By 
imposing a voltage at this pin, it becomes 
possible to vary the threshold compara¬ 


tor "'set" level above or below the 2/3 
Vcc nominal, hereby varying the timing. 
In the monostable mode, the control 
voltage may be varied from 45 percent 
to 90 percent of Vcc. The 45 to 90 per¬ 
cent figure is not firm, but only an in¬ 
dication to a safe usage. Control voltage 
levels below and above those stated have 
been used successfully in some applica¬ 
tions. 

In the oscillatory (free run) mode, the 
control voltage limitations are from 1.7 
volts to Vcc. These values should be 
heeded for reliable operation. Keep in 
mind that in this mode the trigger level 
is also important. When the control volt¬ 
age raises the threshold comparator level 
it also raise the trigger comparator level 
by one half that amount due to Rs and 
R 9 of Figure 2. As a voltage controlled 
oscillator, one can expect ±25% around 
center frequency (fo) to be virtually 
linear with a normal RC timing circuit. 
For wider linear variations around Fo it 
may be desireable to replace the charging 
resistor with a constant current source. 
In this manner the exponential charging 
characteristics of the classical configura¬ 
tion will be altered to linear charge time. 


Reset Control 

The only remaining function now is the 
reset. As mentioned earlier, the reset, 
when taken to ground, inhibits all device 
functioning. The output is driven low, 
the bistable flip-flop is reset, and the 
timing capacitor is discharged. In the 
astable (oscillatory) mode, the reset can 
be used to gate the oscillator. In the 
monostable it can be used as a timing 
abort to either interrupt a timing se¬ 
quence or establish a standby mode (i.e. 
— device off during power up). It can 
also be used in conjunction with the trig¬ 
ger pin to establish a positive edge trig¬ 
gered circuit as opposed to the normal 
negative edge trigger mode. One thing 
to keep in mind when using the reset 
function is that the reset voltage (switch¬ 
ing) point is between 0.4V and l.OV 
(min/max). Therefore, if used In con¬ 
junction with the trigger, the device will 
be out of the reset mode prior to reach¬ 
ing 1 volt. At that point the trigger is in 
the "turn on" region, below 1/3 Vcc. 
This will cause the device to trigger im¬ 
mediately, effectively triggering on the 
positive going edge if a pulse is applied 
to pins 4 and 2 simultaneously. 


FREQUENTLY ASKED 
APPLICATIONS QUESTIONS 

The following is a harvest of various mal¬ 
adies, exceptions, and idiosyncracies 
that may exhibit themselves from time 


Sionotics 


721 




Timer 


to time in various applications. Rather 
than cast aspersions, a quick review of 
this list may uncover a solution to the 
problem at hand. 

1. In the oscillator mode when reset is 
released the first time constant Is ap¬ 
proximately twice as long as the rest. 
Why? 

Answer: In the oscillator mode the 
capacitor voltage fluctuates between 
1/3 and 2/3 of the supply voltage. 
When reset is pulled down the capaci¬ 
tor discharges completely. Thus for 
the first cycle it must charge from 
ground to 2/3 Vcc which takes twice 
as long. 

2. What is maximum frequency of 
oscillations? 

Answer: Most devices will oscillate 
about 1M Hz. However, in the in¬ 
terest of temperature stability one 
should operate only up to about 
500kHz. 

3. What is temperature drift for oscilla¬ 
tor mode? 

Answer: Temperature drift of oscilla¬ 
tor mode is 3 times that of one shot 
mode due to addition of second volt¬ 
age comparator. Frequency always 
increases with an increasing tempera¬ 
ture. Therefore it is possible to par¬ 
tially offset this drift with an off¬ 
setting temperature coefficient in the 
external resistor/capacitor combina¬ 
tion. 

4. Oscillator exhibits spurious oscilla¬ 
tions on cross over points. Why? 

Answer: The 555 can oscillate due to 
feedback from power supply. Always 
bypass with sufficient capacitance 
close to the device for all applica¬ 
tions. 

5. Trying to drive a relay but ^bb hangs 
up. How come? 

Answer: Inductive feedback. A clamp 
diode across the coil prevents the coil 
from driving pin 3 below a negative 
.6 volts. This negative voltage is suffi¬ 
cient in some cases to cause the timer 
to malfunction. The solution is to 
drive the relay through a diode thus 
preventing pin 3 from ever seeing a 
negative voltage. 

6 . Double triggering of the TTL loads 
sometimes occurs. Why? 

Answer: Due to the high current ca¬ 
pability and fast rise and fall times of 
the output a totem pole structure 
different from the TTL classical struc¬ 
ture was used. Near TTL threshold 


this output exhibits a cross over dis¬ 
tortion which may double trigger log¬ 
ic. A 1000 pF capacitor from the out¬ 
put to ground will eliminate any false 
triggering. 

7. What is the longest time I can get out 
of the timer? 

Answer: Times exceeding an hour are 
possible, but not always practical. 
Large capacitors with low leakage 
specs are quite expensive. It becomes 
cheaper to use a countdown scheme 
(see Figure 15) at some point depen¬ 
dent on required accuracy. Normally 
20 to 30 min. is the longest feasible 
time. 


DRIVING HIGH Q INDUCTIVE LOADS 



Vcc 



MODIFIED DUTY CYCLE (ASTABLE) 


Vcc 



Figure 6-8 


DESIGN FORMULAS 

Before entering the section on specific 
applications It is advantageous to review 
the timing formulas. The formulas given 
here apply to the 555 and 556 devices. 


MONOSTABLE TIMING 


Vcc 



ASTABLE TIMING 


Vcc 



APPLICATIONS 

The timer since introduction has spurred 
the imagination of thousands. Thus the 
ways in which this device has been used 
are far too numerous to present each 
one. A review of the basic operation and 
basic modes has previously been given. 
Presented here are some ingenious appli¬ 
cations devised by our applications en¬ 
gineers and by some of our customers. 
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Missing Pulse Detector 

Using the circuit of Figure 6-9a, the timing 
cycle is continuously reset by the input 
pulse train. A change in frequency, or a 
missing pulse, allows completion of the 
timing cycle which causes a change in the 
output level. For this application, the time 
delay should be set to be slightly longer 
than the normal time between pulses. Fig¬ 
ure 6-9b shows the actual waveforms seen 
in this mode of operation. 



If the input frequency is known, the timer 
can easily be used as a frequency divider by 
adjusting the length of the timing cycle. 

Frequency Divider 



Figure 6-1 Oa 


EXPECTED WAVE FORMS 



I _ Figure 6-1 Ob _ 

Figure 6-1 Ob shows the waveforms of the 
timer in Figure 6-10a when used as a divide 
by three circuit. This application makes use 
of the fact that this circuit cannot be retrig¬ 
gered during the timing cycle. 

Pulse Width Modulation 
(PWM) 

In this application, the timer is connected in 
the monostable mode as shown in Figure 6- 

II a. The circuit is triggered with a continu¬ 
ous pulse train and the threshold voltage is 
modulated by the signal applied to the con¬ 
trol voltage terminal (pin 5). This has the 
effect of modulating the pulse width as the 
control voltage varies. Figure 6-11 b shows 
the actual waveform generated with this 
circuit. 



OUTPUT VOLTAGE 5V/CM 


Figure 6-11b 


Pulse Position Modulation 
(PPM) 

This application uses the timer connected 
for astable (free-running) operation. Figure 
6-12a, with a modulating signal again ap¬ 
plied to the control voltage terminal. Now 
the pulse position varies with the modulat¬ 
ing signal, since the threshold voltage and 
hence the time delay is varied. Figure 6-12b 
shows the waveform generated for triangle 
wave modulation signal. 
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Tone Burst Generator 

The 556 Dual Timer makes an excellent 
tone burst generator. The first half is 
connected as a one shot and the second 
half as an oscillator. (Figure 6-13) 

The pulse established by the one shot 
turns on the oscillator allowing a burst 
to be generated. 

Sequential Timing 

One feature of the dual timer is that by 
utilizing both halves it is possible to ob¬ 
tain sequential timing. By connecting 
the output of the first half to the input 
of the second half via a .001 jitfd coupling 
capacitor sequential timing may be ob¬ 
tained. Delay tj is determined by the 
first half and t 2 by the second half 
delay. (Figure 6-14) 

The first half of the timer Is started by 
momentarily connecting pin 6 to ground. 
When it is timed out (determined by 
I.IRiCi) the second half begins. Its 
duration is determined by 1.1 R 2 C 2 . 


SEQUENTIAL TIMER 


Vcc ''cc Vcc '^cc 



Figure 6-14 



Long Time Delays 

In the 556 timer the timing Is a function 
of the charging rate of the external ca¬ 
pacitor. For long time delays expensive 
capacitors with extremely low leakage 
are required, the practicality of the com¬ 
ponents involved limits the time between 
pulses to something in the neighbor¬ 
hood of twenty minutes. 

To achieve longer time periods both 
halves may be connected in tandem with 
a ''divide-by" network in between. 

The first timer section operates in an 
oscillatory mode with a period of 1/fo. 
This signal is then applied to a ''Divide- 
by-N'" network to give an output with 
the period of N/fo. This can then be 


used to trigger the second half of the 
556. The total time Is now a function 
of N and fo (Figure 6-15). 


Auto Burglar Alarm 

This circuit utilizes the time delay mode 
of operation. When the arm/disarm 
switch Is opened (normally closed) the 
exit timer starts its timing cycle. Pin 5 
will go low after the exit time lapse to 
energize the alarm circuit. Door switches, 
when closed will keep the PNP transistor 
of. by keeping pin 9 high. When any 
door switch is opened, after a delay, the 
transistor will turn on sounding horn of 
the arm/disarm switch is not closed with¬ 
in the delay time (Figure 6-16). 


Speed Warning Device (1) 

Utilizing the “missing pulse detector" 
concept, a speed warning device, such as 
depicted, becomes a simple and inex¬ 
pensive circuit (Figure 6-17a). 

Car Tachometer (1) 

The timer receives pulses from the distri¬ 
butor points. Meter M receives a cali¬ 
brated current thru R6 when the timer 
output Is high. After time out the meter 
receives no current for that part of the 
duty cycle. Integration of the variable 
duty cycle by the meter movement pro¬ 
vides a visible indication of engine speed 
(Figure 6-18). 


724 


sjgnDtiBs 









Timer 


BURGLAR ALARM CIRCUIT 



ALL RESISTOR VALUES ARE IN OHMS 


Figure 6-16 


SCHEMATIC OF SPEED WARNING DEVICE 


OPERATING WAVE FORMS OF 
SPEED WARNING DEVICE 




13 1 2-556 9^- i -OVquT 


'TirrmK 


Figure 6-17a 


Figure 6-17b 


TACHOMETER 



200 K 

CALIBRATOR 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 6-18 
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Oscilloscope Triggered 
Sweep 

The 555 timer holds down the cost of 
adding a triggered sweep to an economy 
oscilloscope. The circuit's input op amp 
triggers the timer, setting its flip-flop 
and cutting off its discharge transistor 
so that capacitor C can charge. When 
capacitor voltage reaches the timer's 
control voltage (O.SSVcc), the flip- 
flop resets and the transistor conducts, 
discharging the capacitor (Figure 6-19). 


Square Wave Tone Burst 
Generator (4) 

Depressing the pushbutton provides 
square-wave tone bursts whose duration 
depends on the duration for which the 
voltage at pin 4 exceeds a threshold. 
Components Ri, R 2 and Ci causes the 
astable action of the timer IC (Figure 6-20). 

Regulated DC-to-DC 
Converter (2) 

Regulated DC to DC converter produces 
15V DC outputs from a +5V DC input. 
Line and load regulation is 0.1% (Figure 
6 - 21 ). 


Voltage to Pulse Duration 
Converter (1) 

Voltage levels can be converted to 
pulse durations by combining an op amp 
and a timer IC. Accuracies to better than 
1% can be obtained with this circuit (a) 
and the output signals (b) still retain the 
original frequency, independent of the 
Input voltage (Figure 6-22). 
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REGULATED DC TO DC CONVERTER 


REMOTE SHUTDOWN 



ru 

H 30;jSEC 


ALL RESISTOR VALUES IN OHMS 


•SHAFER MAGNETICS 
COVINA, CALIF. 

(213) 331-3115 



Figure 6-21 


VOLTAGE-TO-PULSE-DURATION CONVERTER 




*V|rj IS LIMITED TO 2 
DIODE DROPS WITHIN 
GROUND OR BELOW 

Vcc 


ALL RESISTOR VALUES IN OHMS 


Figure 6-22 


Servo System 
Controller (1) 

To remoteley control a servo motor, 
the 555 needs only six extra components 
(Figure 6-23). 


Stimulus Isolator (5) 

Stimulus isolator uses a photo-SCR and 
a toroid for shaping pulses of up to 200V 
at 200 mA (Figure 6-24). 


Voltage to Frequency 

Converter 

(0.2% Accuracy) (6) 

Linear voltage-to-frequency converter (a) 
achieves good linearity over the 0 to 
“lOV, Its mirror image (b) provides the 
same linearity over the 0-to+10V range 
but is not DTL/TTL compatible (Figure 
6-25a & b.) 
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SERVO SYSTEM CONTROLLER 


POSITION SET Vcc 



Figure 6-23 


STIMULUS ISOLATOR 



1" CORE 

FERROX CUBE - 
K300.500/3E 


‘POWER RATING DEPENDS ON DUTY 
' 15* CYCLE FROM 1/2W FOR 20-25% 

, DUTY CYCLE TO 15-20W FOR 
75-90% DUTY CYCLE 


ESISTOR VALUES IN OHMS 


Figure 6-24 






Timer 


VOLTAGE-TO-FREQUENCY CONVERTER (0.2% ACCURACY) 


^6 


10K 



«6 

lOK 



Figure 6-25b 


OUTPUT 


Positive to Negative 
Converter (7) 

Transformerless dc-dc converter derives 
a negative supply voltage from a positive. 
As a bonus the circuit also generates a 
clock signal. 

The negative output voltage tracks the 
dc input voltage linearity (a), but its 
magnitude is about 3V lower, Applica¬ 
tion of a 500^2 load, (b), causes 10% 
change from the no-load value (Figure 
6-26a. b, & c). 



Auto Burgiar Aiarm (8) 

Timer A produces a safegaurd delay, 
allowing driver to disarm alarm and elim¬ 
inating vulnerable outside control switch. 
The SCR prevents timer A from trigger¬ 
ing timer B, unless timer B is triggered 
by strategically located sensor switches 
(Figure 6-27). 
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Cable Tester (9) 


AUTO BURGLAR ALARM 


Compact tester checks cables for open- 
cicuit or short-circuit conditions. A dif¬ 
ferential transistor pair at one end of 
each cable line remains balanced as long 
as the same clock pulse - generated by the 
timer 1C - appears at both ends of the 
line. A clock pulse just at the clock end 
of the line lights green light-emitting 
diode, and a clock pulse only at the 
other end lights a red LED (Figure 6-28). 

Low Cost Line Receiver (10) 

The timer makes an excellent line re¬ 
ceiver for control applications involving 
relatively slow electro-mechanical de¬ 
vices. It can work without special driv¬ 
ers over single unshielded lines (Figure 
6-29). 


OIM/OFF SLIDE SWITCH 




CABLE TESTER 


INDICATORS 


220 



BATTERY 

ALL RESISTOR VALUES ARE IN OHMS 


Figure 6-28 
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Temperature Control (11) 

A couple of transistors and thermistor 
in the charging network of the 555-type 
timer enable this device to sense temper¬ 
ature and produce a corresponding fre¬ 
quency output. The circuit is accurate 
to within ±1 Hertz over a 78°F tem¬ 
perature range (Figure 6-30a & b). 


Automobile Voltage 
Regulator (12) 

Monolithic 555-type timer is the heart 
of this simple automobile voltage reg¬ 
ulator. When the timer is off so that its 
output (pin 3) is low, the power Darling¬ 
ton transistor pair is off. If battery volt¬ 
age becomes too low (less than 14.4 volts 
in this case), the timer turns on and the 
Darlington pair conducts (Figure 6-31). 


TEMPERATURE CONTROL 


Vcc (5 - 15 Vdcl 




Figure 6-30b 


AUTOMOBILE VOLTAGE REGULATOR 


TO BATTERY AND 
ALTERNATOR OUTPUT 
VIA FIELD RELAY AND 
IGNITION SWITCH 



"CAN BE ANY GENERAL-PURPOSE 
SILICON TRANSISTOR 


ALL RESISTOR VALUES ARE IN OHMS 


Figure 6-31 
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Switching Regulator (13) 

The basic regulator of Figure 6-32 Is shown 
here with its associated timing and pulse 
generating circuitry. The block diagram 
Illustrates how the over-all regulator works. 
The multivibrator determines switching fre¬ 
quency, and the error amplifier adjusts the 
pulse width of the modulator to maintain 
output voltage at the desired level. The 
output resistor divider provides the sensing 
voltage. (Figure 6-35) 














Timer 


Low Power Monostable 
Operation 

In battery operated equipment where 
load current is a significant factor figure 
36 can deliver 555 monostable operation 
at low standby power. This circuit inter¬ 
faces directly with CMOS 4000 series 


and 74L00 series. During the monostable 
time, the current drawn is 4.5mA for 
T = 1.1 RC. The rest of the time the cur¬ 
rent drawn is less than 50;tiA. Circuit 
submitted by Karl Imhof, Executone 
Inc., Long Island City, NY. 

In other low power operations of the 
timer where Vcc Is removed until timing 


is needed. It Is necessary to consider the 
output load. If the output is driving the 
base of a PNP transistor, for example, 
and its power is not removed. It will sink 
current into pin 3 to ground and use 
excessive power. Therefore, when driving 
these types of loads, one should recall 
this internal sinking path of the timer. 


LOW POWER MONOSTABLE 


OUTPUT 



Figure 6-36 
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INTRODUCTION 

The 558/559 are monolithic Quad Tim¬ 
ers designed to be used in the timing 
range from a few microseconds to a 
few hours. Four entirely Independent 
timing functions can be acheived, using 
a timing resistor and capacitor for each 
section. Two sections of the quad may 
be interconnected for astable operation. 
All four sections may be used together, 
in tandem, for sequential timing applica¬ 
tions up to several hours. No coupling 
capacitors are required when connecting 
the output of one timer section to the 
input of the next. 

FEATURES 

• 100mA OUTPUT CURRENT PER SEC¬ 
TION 

• EDGE TRIGGERED (NO COUPLING CA¬ 
PACITOR) 

• OUTPUT INDEPENDENT OF TRIGGER 
CONDITIONS 

• WIDE SUPPLY VOLTAGE RANGE 4.5V 
TO 16V 

• TIMER INTERVALS FROM MICROSEC¬ 
ONDS TO HOURS 

• TIME PERIOD EQUALS RC 

CIRCUIT OPERATIONS 

In the one shot mode of operation, it 
is necessary to supply a minimum of 
two external components, the resistor 
and capacitor for timing. The time per¬ 
iod is equal to the product of R and C. 
An output load must be present to com¬ 
plete the circuit due to the output struc¬ 
ture of the 558/559. 

For astable operation, it is desireable to 
cross couple two devices from the 558/ 
559 Quad. The outputs are direct cou¬ 
pled to the opposite trigger input. The 
duty cycle can be set by ratio of RiCi 
to R 2 C 2 from close to zero to almost 
100%. An astable circuit using one timer 
is shown on page 13. 


OUTPUT STRUCTURE 558 

The 558 structure is open collector which 
requires a pull-up resistor to Vcc and is 
capable of sinking 100mA per unit but 
not to exceed the power dissipation and 
junction temperature rating of the die 
and package. The output is normally 
low and is switched high when triggered. 

OUTPUT STRUCTURE 559 

The 559 output is normally low and off. 
It sources up to 100mA from a Darling¬ 
ton emitter follower when switched on. 
A pull down resistor to ground is re¬ 
quired. 


RESET 

A reset function has been made available 
to reset all sections simultaneously to an 
output low state. During reset the trigger 
is disabled. After reset is finished, the 
trigger voltage must be taken high and 
then low to implement triggering. 

The reset voltage must be brought be¬ 
low 0.8V to insure reset. 

558/559 TEST CIRCUIT 


THE CONTROL VOLTAGE 

The control voltage is also made availa¬ 
ble on the 558/559 timers. This allows 
the threshold voltage to be modulated, 
therefore controlling the output pulse 
width and duty cycle with an external 
control voltage. The range of this con¬ 
trol voltage is from about 0.5V to Vcc 
minus 1 volt. This will give a cycle time 
variation of about 50:1. In a sequential 
timer with voltage controlled cycle time, 
the timing periods remain proportional 
over the adjustment range. 

TEST BOARD FOR 558/559 

The circuit layout can be used to test 
and characterize the 558 or 559 timer. 
$2 is used to connect the loads to either 
Vcc or ground. The main precaution, in 
layout of the 558 and 559 circuits, is 
the path of the discharge current from 
the timing capacitor to ground (pin 12). 
The path must be direct to pin 12 and 
not on the ground buss. This is to pre¬ 
vent voltage spikes on the ground buss 
return due to current switching transient. 
It is also wise to use good power supply 
bypassing when large currents are being 
switched. 


^cc reset 
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APPLICATIONS 


558 TWO HOUR TIMER 



558 SEQUENTIAL TIMER WITH VOLTAGE CONTROLLED CYCLE TIME (50:1 RANGE) 


_f"c, f" f"c. f 

''’R-.o __■'■r„,,o _^R^,,o_ H!_ __ r 


TRIGGER O— I ”CV 

Vce I 


OUTPUT 1 OUTPUT 2 OUTPUT 3 


- ADJ, UP TO 50, 1 RANGE - 


NOTE 

ti. t2, ta, t4 remain proportional over entire adj. range. 


MONOSTABLE OPERATION 
(ONE SHOT) 


558 ASTABLE OPERATION 
(OSCILLATOR) 


TRIGGER O— HTr T 


T = RC OUTPUT 


558 VARIABLE FREQUENCY OSCILLATOR 
WITH FIXED DUTY CYCLE 

Vcc 
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APPLICATIONS 



A single section of the Quad time may 
be used as a non precision oscillator. The 
values given are for oscillation at about 
400Hz. Ti ^ RiCi and T 2 ^ 2.25 R 2 
C 2 for Vcc of 15 volts. The frequency 
of oscillation is subject to the changes 
in Vcc. 


559 ASTABLE OPERATION 


J1 _, 7 j_ 

TIME1 T “T TIME9 


H T.MEi II 


EXPECTED WAVEFORMS 
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INTRODUCTION 

The following chapter will cover those de¬ 
vices which can be referred to as communi¬ 
cations circuits. Such devices as balanced 
modulators, RF/IF amplifiers, and video 
amplifiers are included. Many other devices 
such as the ULN2111 partially fit the com¬ 
munication heading but also fit the consum¬ 
er category since they are intended primari¬ 
ly for the home entertainment market. 
These devices will be covered in detail in the 
consumer section. 

RF/IF AMPLIFIERS 

Ideally, semiconductor devices for use in 
the RF amplifiers should have a high 
forward transconductance and a low re¬ 
verse transadmittance, that is, low feedback 
capacitance. A single transistor may have a 
high transconductance, but it will also have 
high reverse transadmittance, making it 
difficult to fully utilize its high tranconduct- 
ance in a tuned amplifier. 



There are two multiple transistor circuit 
configurations available that allow the re¬ 
duction of the reverse transadmittance. The 
first circuit. Figure 7-1, is basically a differ¬ 
ential amplifier with a high impedance 
emitter coupling circuit (a current genera¬ 
tor). Rearranging the circuit and adding a 
source, load, and ground result in the circuit 
of Figure 7-2. The input stage is common 
collector and the output stage is common 
base. Therefore, the currents in the collec¬ 
tor to base capacitance of the input stage 
are completely isolated from the input 
stage. The reverse transadmittance then 
consists primarily of the stray capacitive 
reactance occurring in the package in 
which the device is encased. Figure 7-3 
shows the circuit with suitable biasing 
applied. 

The second circuit. Figure 7-4, is a series 
transistor connection. When a source and 
loading are incorporated, it is apparent that 


this is a common emitter-common base 
connection, commonly called a “cascode” 
circuit. Again, as in the circuit of Figure 7-3, 
the currents in the collector to base capaci¬ 
tance of the output stage are completely 
isolated from the input circuitry. The cur¬ 
rents in the collector to base capacitance of 
the input stage do not flow directly to 



COMMON COLLECTOR-COMMON 
BASE STAGE WITH BIASING 


v+ 





ground as in the circuit of Figure 7-3 and 
some feedback does occur. However, it is 
negligible because the collector of the first 
stage is heavily loaded by the emitter of the 
second stage. Therefore, very little feed¬ 
back voltage may be developed across it. 
Figure 7-6 shows the circuit as it might be 
used. It has a gain capability greater than 
the circuit of Figure 7-3. 

In most RF/IF amplifiers, the circuit design¬ 
er wishes to operate from a single power 
supply. To permit this method of operation, 
a bias must be supplied for the bases of 
transistors Q1 and Q2. 

This bias is obtained by inserting two more 
diodes, CR1 and CR2, in a series with the 
bias current resistor R, of Figure 7-7. Two 
diodes are used to ensure that if either of the 
transistors, Q1 or Q2, should become satu¬ 
rated the voltage cannot fall low enough to 
disturb the operation of the current gener¬ 
ator. 


COMMON EMITTER-COMMON BASE 
AMPLIFIER WITH BIASING 


v+ 
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DC AND LOW FREQUENCY 
PARAMETERS 


PARAMETER 

CC 

V+ = 6 V 

-CB 

V+ = 12 V 

CE 

V+ = 6 V 

-CB 

V+= 12 V 

Unit 

Bias Network Current 

1.5 

3.2 

1.5 

3.2 

mA 

Quiescent Input Current 

25 

50 

50 

100 

mA 

Quiescent Output Current 

0.6 

1.4 

1.2 

2.8 

mA 

Input Conductance (Y-i-j) 

0.25 

0.4 

1.0 

2.0 

mmho 

Output Conductance (Y 22 ) 

0.01 

0.01 

0.01 

0.01 

mmho 

Input Capacitance 

4.0 

4.5 

8 

10 

PF 

Output Capacitance 

3.0 

2.5 

3.0 

2.5 

PF 

Feedback Capacitance 

0.1 

0.1 

0.1 

0.1 

pF 

Forward Transconductance (Y 21 ) 

11 

21 

45 

75 

mmho 


Table 7-1 


ADDITIONAL BIASING TECHNIQUE 

v+ 



The final circuit design is shown in Figure 7- 
8. The transistors used are of small geome¬ 
try and have an Ft of about 700MHz. 

As shown the 510 and 511 configurations 
are quite similar. The emitters of the current 
sources are brought out for the 511 so that 
degeneration may be introduced for better 
signal handling capability and linearity. 


CIRCUIT CHARACTERIZATION 

The circuit is characterized with “Y” pa¬ 
rameters as is common with RF amplifiers 
used in the frequency range for which this 
device was designed. Table 7-1 is a sum¬ 
mary of the low frequency “Y” parameters of 
the circuit. The real part of all the parame¬ 
ters remains nearly constant until the oper¬ 
ating frequency exceeds 10MHz, at which 
time Input and output conductances start to 
rise and the forward transconductance 
starts to fall. 

The reverse transconductance of both the 
common emitter/common base and com¬ 
mon base/common collector configura¬ 
tions is extremely small, the real part being 


negligible while the imaginary part corre¬ 
sponds to a capacitance of less than 0.1 
pico Farad. 

Table 7-1 shows that the forward transcon¬ 
ductance, Y21, of both configurations is a 
function of power supply voltage. A plot of 
Y21 versus bias network current for the 
common collector—common base configu¬ 
ration, Figure 7-9, shows that the Y21 is 
directly proportional to the bias current. A 
plot of Y21 versus differential input voltage 
of the common emitter—common collector 
configuration, Figure 7-10, shows that Y21 
may be controlled by changing differential 
input voltage. These circuit characteristics 
allow the application of automatic gain con¬ 
trol to RF amplifiers made from either circuit 
configuration. 

CIRCUIT BIASING 

Since this circuit is completely devoid of 
resistors and bias networks, their selection 


TRANSCONDUCTANCE 
vs BIAS CURRENT 



BIAS CURRENT-MA 


Figure 7-9 


FINAL CIRCUIT CONFIGURATION 
OF 510/511 









All resistor values are in ohms 


Figure 7-8 
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TRANSCONDUCTANCE vs 
CONTROL VOLTAGE 



CONTROL VOLTAGE - VOLTS 


Figure 7-10 


is at the discretion of the user. This allows 
the circuit designer complete freedom of 
choice in operating parameters and transis¬ 
tor, interconnections. His only constraints 
are the absolute maximum ratings of the 
device: for example, applied voltage, cur¬ 
rent, junction temperature, etc. 

A typical bias connection, option No. 1, is 
given in Figure 7-11. Operating currents are 
determined by the voltage between the base 
of the transistors Q1 and Q2 and V-, and 
resistors R1 and R2. The voltage for the 
bases of Q1 and Q2 is obtained from the 
temperature compensated voltage divider 
consisting of R3, R4, and diode CR1. Includ¬ 
ing CR1 in the bias network compensates 
for the temperature coefficient of the base- 
emitter voltage of Q1 and Q2. The current in 
the voltage divider should be approximately 
75% of the emitter current of Q1 and Q2. 
Should it become necessary for the collec¬ 
tor currents of Q1 and Q2 to be unequal but 
of the same order of magnitude, then it is 
suggested that the voltage divider current 
be selected as the average of the emitter 
currents. A design example is as follows: 

1. Assume operating currents of 2mA for 
Ic1 and Ic2. 

2. Assume V- is at ground and V+ at +12 
volts. 

3. Assume that the design requires that 
resistors R1 and R2 be lOOOohms. 

4. Calculate the voltage at the emitters and 
the bases of Q1 and Q2. 

Vei = Ve 2 = lci X R| = looon X 2mA = +2V 

Vbi = Vb2 = Vei + Vbe = +2V + 0.7V 
= +2.7V (Ta = 25° C) 



5. Calculate bias network current. 
Ib = 0.75IC1, IC 2 = 0.75 X 2mA = 1.5mA 


6. Calculate bias resistors. 



2V 

1.5mA 


1.33k; 


The bias diode is formed from a planar type 
transistor which has had its collector and 
base connected together. It may be operat¬ 
ed in either the forward mode or in the 
reverse breakdown region as a 6.8V Zener 
diode. When used as a Zener diode, the 
operating current should be kept less than 
10mA. 


Figure 7-12, option No. 2, shows utilization 
of the diode in this mode to develop a third 
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power supply required to bias the bases of 
the emitter-coupled transistors. 

The selection of the load forthese circuits is 
entirely application oriented. If it is to be 
resistive, its magnitude will be a function of 
the following amplifier requirements: 

1. Output Voltage Swing 

2. Voltage Gain 

3. Bandwidth 

In most applications, the load should be 
selected to ensure that the transistors do 
not saturate for the largest positive com¬ 
mon mode input voltage. 

DIFFERENTIAL AMPLIFIERS 

Differential amplifiers are the easiest cir¬ 
cuits to design. The following parameters 
must be considered in their design: 

1. Voltage Gain 

2. Output Swing 

3. Input Resistance 

4. Bandwidth 

It may be possible to design a one-stage 
amplifier with all of these parameters opti¬ 
mized but it is highly unlikely. Usually the 
designs are a compromise of these parame¬ 
ters. For example, several cascaded stages 
may be required to obtain the desired gain. 
The gain and the output swing may have to 
be compromised so the required input re¬ 
sistance and bandwidth may be obtained. 

Until bandwidths of greater than 10MHz are 
required, the bandwidth of the amplifier is 
determined solely by the RC time constant 
consisting of the load resistance and load 
capacitance, be it a discrete capacitor, stray 


capacitance to ground, or collector to base 
capacitance (Figure 7-2, 7-5). The 3dB 
bandwidth is determined from the following 
equation: 

1 

FgdB = - 

6.28 RlCl 

When Rl = total load resistance and 
Cl = total load capacitance 

The single-ended output voltage gain (Av) of 
the circuit may be calculated from the 
product of the transconductance (gm) and 
load resistance (Rl). 

Av = 9mRL 

The transconductance of the 511 may be 
determined for any collector current from a 
curve on the data sheet entitled Trans¬ 
conductance vs. Collector Current (Emitter- 
Coupled). 

A second method of calculating the gain of a 
single-ended output differential amplifier 
uses the relationship between the load re¬ 
sistance and the resistance In the emitter 
circuit. Figure 7-14 shows this type of ampli¬ 
fier. The gain is approximated by the ratio of 
the load resistance to the total resistance in 
the emitter circuit. 

The resistance in the emitter circuit consists 
of the emitter contact and bulk resistance. 
Re and the diffusion resistance, re. For the 
510/511, Re is approximately 3 ohms per 
transistor and re is given by the following 
equation: 

kT 

re= - 

qle 


which reduces to: 

26mV 

re =- 

le 

at 25° C and for emitter currents in milliam- 
peres. 

The circuit gain measured from the differen¬ 
tial input to one output becomes: 

Rl Rl 

^^ 

2RE + 2re 26 X 10-3\ 

For differential output, the differential gain 
is twice the single-ended output gain. The 
input resistance of the differential amplifier 
in Figure 7-14 may be approximated by the 
following equation: 

Rin =hFE(2RE + 2re) 

In utilizing this equation, the designer 
should be cognizant of the fact that the hpE 
and re will change as a function of tempera¬ 
ture and emitter current. The hpE is typically 
125 for collector currents of 1mA (at 25°C). 
The output swing capability is determined 
by the power supply voltage available. The 
maximum power supply voltage is deter¬ 
mined by the absolute maximum ratings of 
the collector to base voltage of the differen¬ 
tial transistors. It is this voltage which sets 
the maximum peak-to-peak swing for non- 
inductive loads. To maximize the output 
swing, the collector current is set so that the 
quiescent output voltage is one-half of the 
positive supply voltage. A circuit example is 
Figure 7-15. If, however, the input signal is 
differential in nature with a common mode 


BASIC DIFFERENTIAL AMPLIFIER 


v+ 



DIFFERENTIAL GAIN 
CALCULATIONS 


v+ 



Figure 7-14 
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DIFFERENTIAL AMPLIFIER 
COLLECTOR OPERATING POINT 

V+ = +12 V 

X 

<Rl 

i-O OUTPUT 



V- = -12 V 


Figure 7-15 


DIFFERENTIAL AMPLIFIER WITH 
COMMON MODE INPUT SIGNAL 


V+ = +12 



Figure 7-16 


signal relative to ground, the collector oper¬ 
ating point must be made more positive to 
allow for the common mode input signal if 
nonsymmetrical distortion Is to be eliminat¬ 
ed. For example, if the input signal is lOmV 
peak-to-peak riding a 2V common mode 
signal, the collector operating point must be 
raised according to the following equation: 

+ Vcm 

Vo= - 

2 

When = 12V, Vo = 7V 

The circuit of Figure 7-16 is a differential 
amplifier designed using the following de¬ 
sign criteria. 

Circuit Design Example: Differential Input, 
Single-Ended Output Amplifier 

Goals: 

1. Gain = 100 

2. Output Swing = 10V peak-to-peak 

3. Common Mode Range = ±1V 

4. Input Resistance = 50000 

Assumptions; 

1. hFE = 125 

2. Ambient Temperature (Ta) = 25° C 
Solution: 

1. The input resistance of a differential am¬ 
plifier is set by the emitter currents of the 
transistors. Therefore, in order to obtain 
the required amplifier input resistance, 
the emitter currents must be determined 
first. 


a. Find re; 

Rin = hpE (2 Re + 2re) 

Rin 5000 

re =- Re = - - 30 

2hFE 2 X 125 


re = 170 


b. Determine required emitter current to 
give desired re; 

26 

le = -mA at 25° C 

re 

26 

le= - = 1.53mA 

17 

c. Once the emitter currents have been 
obtained, the collector currents (Ic) are 
easily found; 

le 

Ic = le ~ lb = le- 

hFE 


125 


for all practical purposes 
Ic 1.5mA 

2. At this point the emitter currents have 
been selected to provide the required 
input resistance and the collector cur¬ 
rents have been found. It is now neces¬ 
sary to determine the load resistance that 
will provide the desired gain. 


The voltage gain 
Rl 

(Av) =- or 

2Re + 2re 

Rl = 2Av (Re + re) 

= 2 X 100 (3 + 17) 

= 40000 

3. Having determined the load resistance, 
we next determine the collector oper¬ 
ating point, Vq. 

Vq = V+ - IcRl 

when V^ = 12V 
Vq = 12 -4000 X 1.5 X 10-3 
= +6V 

4. The requirement for output swing is 10V 
peak-to-peak or the output collector 
must swing ±5V from its operating point. 
The collector will swing +6V ±5V or from 
+1Vto -f-IIV. 

5. The positive common mode range (CMR) 
is determined by the most negative 
excursion of the output collector and will 
be TIV. The negative common mode 
range is a function of the negative power 
supply and is limited by the Vbe’s of the 
input stage and the saturation voltage of 
the current source. A “rule of thumb” for 
determining the saturation voltage of the 
current source is to assume that it is 
equal to the Vbe of the transistors. The 
negative common mode range is then: 
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CASCODE RF/IF 
AMPLIFIER (CE-CB) 

The cascode configuration will be used 
where the maximum gain is required and 
where there is no requirement for symmetri¬ 
cal limiting. The circuit of Figure 7-17 is 
typical. For frequencies below lOMhz, no 
particular precautions need to be taken to 
design a stable amplifier, other than the 
usual efforts to isolate the output from the 
input. Because of the excellent input to 
output isolation and because the gain con¬ 
trol voltage has little effect on the input or 
output parameters, It is not necessary to 
mismatch the Interstage transformers to 
ensure a stable amplifier that shows no 
appreciable change In the bandwidth char¬ 
acteristics as the gain is adjusted by the 
automatic gain control voltage. 

Circuit Design Example: Cascode Amplifier 
(Figure 7-18) 


Solution: 

1. Determine the maximum load resistance. 
It is a function of required bandwidth. 



27rfC 27rX 2 X 106 X 20 X 10-12 
Rl = 4.03k 


If 5% resistors are used, a 3.6kn is the 
largest standard value which will ensure 
that the required minimum bandwidth 
will be obtained. 

2. Determine the required Power Supply 
Voltage (V^): 

V+ > Sum of the voltage at the base of the 
common base transistor (Q2) and 
the output swing, Vo. The bias volt¬ 
age at the base of Q2 is set by the 
reverse breakdown voltage of the 
511 bias diode which is used as a 
Zener diode in this example. 


Negative CMR = V + 2Vbe 

The Vbe’s of the 511 are 0.8V or less, 
therefore: 

Negative CMR = V-+1.6V. 

For the design example, a negative CMR 
of -IV may be obtained with a negative 
power supply of -2.6V. 

V- = Negative CMR -1.6V 
=-IV-1.6V 
= -2.6V 

Increasing the negative supply voltage, 
while staying within the ratings will allow 
a greater negative CMR to be achieved. 

6. The current in the current source transis¬ 
tor, Q3, is set by the resistance of Re and 
the magnitude of the negative power 
supply. For the 511, the best current 
stability is obtained when the bias current 
in the resistor Re is 75% of the required 
current source current. 

^ V- - Vbe V- -Vbe 
0.75Ic 3 TSIe 

For the design example where V^ = 12V. 
12 - 0.8 

Rb =- 

1.5X1.5X10-3 
Rb - 5000n 


Goals: 

1. Output Voltage Swing (Vo) = 12V peak-to- 
peak 

2. Voltage Gain > 10. 

3. Bandwidth > 2MHz (with 20pF capacitive 
load). 

Assumptions: 

1. Assume high hpE’s (typically 125) 

2. Ta = 25® C 


V+> 6.8V + 12V = 18.8V 

To allow for power supply fluctua¬ 
tions and measurement toler¬ 
ances, use V+ = 20V. 

3. Determine the output collector current: 



Rl 


where: Vq is the quiescent dc output level. 
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455KHZ IF AMPLIFIER 
(CASCODE CONNECTION) 



All resistor values are in ohms 


Figure 7-19 


Vq = Power supply voltage minus one-half 
the possible output swing 


Vq = - 



13.4V 


therefore: 


20V - 13.4V 

lc= - 

3600n 


1.83A 


4. Determine the resistance of Re: 

The voltage gain of the circuit is a func¬ 
tion of the ratio of the load resistance to 
the resistance in the emitter circuit. 

Rl 

Circuit Gain = - 

Re + re + Tc 


where: re is the diffusion resistance and is 
26mV 
1.83mA 

re = 14.2a, Ta = 25°C 

rc is the em itter contact resistance and is 30. 

Substituting in the circuit gain equation 
from above: 

10 = _ 

Re + 14.2 + 3 

Re = 360- 17.2 = 343a. 


5. Select the bias network resistors: 

a. The 511 data sheet shows that the bias 
diode, when operated in the reverse 
breakdown region, has a low dynamic 
resistance for currents up to 10mA. 
The bias current was arbitrarily set at 
5mA, this being a point halfway 
between the knee of the curve and the 
10mA limit. 

b. Rx and Ry are selected to apply the 
appropriate bias at the base of Q1. This 
voltage is determined by the level 
which must appear across Re to obtain 
the desired operating current and the 
base emitter voltage of Q1. In the ex¬ 
ample, the base voltage of Q1 is +1.3V. 
The voltage divider resistor is selected 
to provide this voltage when the input 
bias current is lO/xA. 

In the design, a number of approximations 
were made. In all but the most critical appli¬ 
cations, this design technique will prove 
quite adequate. 

An expansion of the cascode amplifier is the 
455KHZ IF strip shown in Figure 7-19. 

This amplifier has been designed using “off 
the shelf” IF transformers. The circuit was 
built using the NE510 in a 14 dual in-line 
plastic package. The resulting amplifier has 
a voltage gain of 66dB when the gain control 
input is grounded. Gain, in this instance, is 
defined as a ratio of dc output voltage at the 
detector to RMS input voltage. Figure 7-20 


is a curve of the gain versus gain control 
voltage. At the maximum gain setting, the 
input was set so that there was no output 
clipping and the dc output voltage was plus 
2 volts. 

10.7MHz LIMITING 
IF AMPLIFIER 

An RF amplifier, using the NE510 in the 
common collector—common base configu¬ 
ration, is shown in Figure 7-21. Although the 
common collector/common base circuit 
has a lower gain than the common emitter/ 
common collector configuration, it will 
prove extremely useful when a limiting am¬ 
plifier is required. When it is operated in this 
configuration, an input level of 0.3 volts 
peak-to-peak will cause the maximum real¬ 
izable output swing, and no further increase 
in the input signal level will affect the output. 
In addition, selecting the load impedance so 
that the output transistor can never saturate 
will ensure a limiter design having excellent 
characteristics with a minimum of phase 
distortion. 

Figure 7-22 is a schematic of the IF amplifier 
using the circuit of Figure 7-21. The intent of 
the design is to demonstrate the device 
characteristics and the ease with which the 
circuit was designed and constructed. The 
IF frequency used in commercial FM broad¬ 
cast receivers (10.7MHz) was selected for 
the IF frequency for this amplifier so that 
there would be a basis for comparison. 
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GAIN vs. CONTROL VOLTAGE 
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Figure 7-20 


COMMON COLLECTOR- 
COMMON BASE 
R.F. AMPLIFIER 



When the design was initiated, checking the 
Y parameters for 10.7MHz showed very little 
deviation from the dc and low frequency 
parameters. Since the feedback capaci¬ 
tance was very small, it was decided to use 
low frequency design techniques and not 
attempt to mismatch the coupling circuits. It 
was felt that if the design were made in this 
manner, and no instability problems oc¬ 
curred, the usefulness of the circuit would 
be proved. Atypical commercial10.7MHz IF 
amplifier has a 3dB bandwidth of 250 to 
300KHZ. It was decided to design this ampli¬ 
fier for 300KHZ bandwidth. The bandwidths 


of the individual transformers in this design 
were selected using the equation: Amplifier 
Bandwidth (3dB) = Transformer Bandwidth 
(3dB) X V2Vn-i| where “n” is the number of 
transformers. In our case, n =3and V2Vn-1| 
= 0.5. Therefore, each transformer must 
have a bandwidth of 600KHz. In order to 
have transformers critically coupled and 
have a minimum saddle, the primary to 
secondary winding space is quite large, 
precluding the use of subminiature trans¬ 
formers for this first design. It was decided 
to use dual cup core transformers of the 
type used for many years in vacuum tube IF 


amplifiers. Winding data for the coils is 
given in Figure 7-22. The transformers used 
were taken from an old receiver and all the 
windings stripped and rewound. The trans¬ 
formers had a capacitance of about 12 pico¬ 
farads in the base, so an additional 39 pico¬ 
farads were added to the transformer 
externally to obtain the desired tuning ca¬ 
pacitance. 

The final amplifier designed had the desired 
bandwidth of 300KHz and full limiting was 
obtained with an input voltage at 70 
microvolts RMS. No circuit prmblems 
appeared and tuning was not critical. 


10.7MHz LIMITING IF AMPLIFIER 

V+=12V 



Figure 7-22 
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60MHz BAND PASS AMPLIFIER 



510 MODULATOR 



Figure 7-24 


NARROW BAND 60MHz 
RF AMPLIFIER 

The NE510/511 may be used for narrow 
band amplifiers with center frequencies well 
above 100MHz. As an example, an amplifier 
in the common collector—common base 
configuration, Figure 7-23, was designed 
with the following design objectives: 

a. Power Gain—maximize 

b. Center frequency—60MHz 

c. Bandwidth (SdB)—0.5MHz 

d. Power supply—+6 volts 

e. Input impedance—50 ohms 

f. Output impedance—50 ohms 

The Y parameters for 60MHz, as read from 
the curves in the Appendix, are as follows: 

Yii =0.36 +j1.5= 1.54 Z76.5° 

Y 22 =.03 + j1.1 = 1.1 Z88.5° 

Y 21 = 3.6 +j9.9= 10.5 Z160° 

Yi 2 = j0.02 = 0.02 Z-90° 

With the help of the Linvill technique input 
and output networks to achieve maximum 
power gain were calculated. The bandwidth 
of the amplifier is determined by the output 
network, since the input network has a 
relatively broad bandwidth. 

The following parameters were measured 
on a breadboard amplifier: 

1) power gain—30dB 

2) bandwidth (3dB)—0.5MHz 

3) noise figure—7dB 

4) maximum output swing—300 millivolts 
RMS across 50 ohms 

Because of the very small feedback capaci¬ 
tance of the amplifier, tuning is easily ac¬ 
complished and input adjustments have 
very little effect on the output impedance 
matching and vice versa. 


MODULATORS 

Returning to the curve of transadmittance of 
the 510 versus the differential input voltage, 
Figure 7-10, it may be seen that if a modulat¬ 
ing signal instead of an AGC voltage is 
applied to the control input, the transcon¬ 
ductance of the output transistor and the 


output current vary in a like manner. Figure 
7-24 is a modulator circuit. This circuit has 
been operated with a carrier frequency of 
50MHz and a modulating bandwidth of 
4MHz. A modification of the circuit of 7-24 is 
the balanced modulator circuit of Figure 7- 
25. The constant current generator is modu¬ 
lated by the RF input. When the balance 


BALANCED MODULATOR (SUPPRESSED CARRIER) 


MODULATED 
V+ RF OUTPUT 
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FREQUENCY CONVERTER 


v+ 



DOUBLY BALANCED MODULATOR 



resistor is properly adjusted and with no 
modulation input, no carrier will be present 
at the output. When a modulation signal is 
impressed, the collector RF currents of the 
differential pair of transistors will be unbal¬ 
anced and a RF signal will be present at the 
output, the phase of which will depend upon 
whether the modulation input is positive or 
negative. 

RF OSCILLATOR/CONVERT6R 

The 510/511 may be used as an RF oscilla¬ 
tor/converter, Figure 7-26, to frequencies as 
high as 100MHz. Transistor Q1 in conjunc¬ 
tion with a tuned transformer T1 constitutes 
a variable frequency oscillator of the Hartley 
type. The base of transistor Q1 is biased 
through the secondary of transformer T1. 
Transistor Q3 has its current modulated by 
the incoming signal from the transformer T3 
and obtains its bias through the secondary 
of T3. T2 is a transformer turned to filter out 
all but the desired IF frequency. Transistor 
Q2 acts as a common base, tuned IF ampli¬ 
fier. 

Conversion is accomplished in the non¬ 
linear operating region of the base emitter 
junction of transistors Q1 and Q2. When 
there is no input signal to transistor Q3, only 
harmonics of the local oscillatorfundamen- 
tal frequency are generated and no signal 
can appear at the output because of tuned 
filter transformer T2. When the current in 
transistor Q3 is modified by the incoming 
signal, beat frequencies are generated be¬ 
tween the local oscillator frequency and the 


incoming signal frequencies and their sum 
and difference frequencies appear in the 
currents of transistor Q2. Transformer T2 
selects the desired sum or difference fre¬ 
quency for amplification in an IF amplifier. 

DOUBLY BALANCED 
MODULATOR 

The 511 is ideally suited for application as a 
doubly balanced modulator. A circuit of this 
type provides double sideband suppressed 
carrier amplitude modulation. Its output 
consists of the sum and difference frequen¬ 
cies of the two input signals and their relat¬ 
ed harmonics. For example, when the inputs 
are a carrier (fc) and a modulating signal (fm) 
the major output Is as follows; 

fout = klfc “ fm) + k(fc + fm) 

The output will also contain small amounts 
of the carrier, modulating signal and their 
harmonics. However, when the circuit is 
properly balanced, their effects are minimal. 

A circuit example is given in Figure 7-27. 
The design was done for operation with 
±12V power supplies with the modulation 
input referenced to ground to permit direct 
coupling of the modulation signal for the 
best low frequency response. If the power 
supplies are not suitable for some applica¬ 
tions, the input signal coupling techniques 
may be altered; capacitive coupling em¬ 
ployed, and power supplies modified. For 
example, the negative supply input may be 
grounded, the modulation input may be 
capacitively coupled and biased at +4V 


leaving the remainder of the circuit configu¬ 
ration unchanged. The lower half of a 511 is 
merely a current source. It may be replaced 
with a current source constructed from a 
discrete transistor or if differential modula¬ 
tion input is available, a resistor. 

Re and the modulation balance potentiome¬ 
ter are selected to provide the desired dy¬ 
namic range capabilities of the modulation 
input. The voltage developed by the emitter 
currents across the two Re’s and the modu¬ 
lation balance potentiometer should be ap¬ 
proximately equal to the modulating signal 
peak-to-peak amplitude minus lOOmV. 
Modulating signals exceeding this level will 
cause distortion. The modulation balance 
potentiometer is adjusted for minimum 
modulation signal In the output. In addition 
to this potentiometer, a carrier balance po¬ 
tentiometer is shown. It should be adjusted 
to minimize the presence of the carrier in the 
output. The circuit of Figure 7-28 is a varia¬ 
tion of the circuit for Figure 7-27. It elimi¬ 
nates all potentiometers. Carrier and modu¬ 
lation feedthough will not be as small as the 
circuit of Figure 2-27, but will bequite useful 
where circuit adjustments must be kept at a 
minimum. The capacitor between the emit¬ 
ters of Q2 and Q6 should be selected to have 
a low reactance at the lowest modulating 
frequency. 

DEMODULATOR 

The 511 may be used in demodulator appli¬ 
cations also. As an example, the FM stereo 
demodulator circuit of Figure 7-29 is pre- 
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DOUBLY BALANCED 
MODULATOR, SELF-BALANCING 



Figure 7-28 


ISOLATION AMPLIFIER 
WITH REMOTELY SELECTED 
INPUTS AND REMOTELY CONTROLLED GAIN 



sented. The demodulator FM information is 
applied to the base of Q3. The collector 
current of Q3 is switched alternately, by the 
38KHz sub-carrier local oscillator, from the 
left output load to the right output load. 
Transistors Q4 and Q5 are driven out of 
phase with transistors Q1 and Q2 from the 
38KHz local oscillator so as to cancel the 
38KHz component in the outputs. The sep¬ 
aration is optimized by applying a small 
portion of the input signal to the emitter Q6 


to cancel unwanted out-of-channel infor¬ 
mation. For maximum separation, the 
38KHz sub-carrier local oscillator signal 
should have a minimum second harmonic 
content. Ideally its waveform should be 
square with a 50% duty cycle and have an 
amplitude of approximately 1V peak-to- 
peak. 

Although doubly balanced modulators are 
not normally used for audio applications, 
this type of circuit with a few minor 


modifications may prove extremely useful. 
The isolation amplifierwith remotely select¬ 
ed inputs is shown in Figure 7-30. The level 
adjust/mixing control (Ra) may be located in 
a far location and the distance is limited only 
by the noise (60Hz) which may be picked up. 
Feedthrough from the OFF channel is negli¬ 
gible. Bandwidth is limited only by the 
capacitive load on the output. 

Applications occasionally arise where it is 
required to select, with a logic signal, one of 


STEREO DEMODULATOR 



All resistor values are in ohms 


v+ = 12 V 



Figure 7-29 


signotics 


751 







Communications Circuits 


two inputs to an analog system; for exam¬ 
ple, sense amplifiers for magnetic tape or 
disc readout or other memory systems. The 
circuit of Figure 7-31 illustrates a 511 appli¬ 
cation which will perform this function. 
Differential input transistor pairs, Q1 and 
Q2 or Q4 and Q5 are selected by turning on 
current source transistor Q3 or Q6. The bias 
diode of the 511 is used in its reverse break¬ 
down mode to couple the logic input signal 
through a standard gate to the level of the 
current source bases in such a manner that 
the level at the base of Q3 swings through 
the fixed voltage level present at the base of 
Q6 when the logic input goes from a “O” to a 
“ 1 .” 

DIGITAL TO ANALOG 
CONVERTER 

The 511, an extremely versatile device, is 
readily connected as a dual switched 
current source. When a number of 511’s are 
connected as current sources, with each 
current properly scaled, a digital to analog 
converter may be constructed, as in Figure 
7-32. The currents are scaled such that; 



and are summed in a very low impedance 
provided by the virtual ground present at the 
inverting input of the operational amplifier. 


2-INPUT, DIGITALLY SELECTED 
DIFFERENTIAL PREAMPLIFIER 


V+ = 10 V 



INPUT 2 


All resistor values are in ohms 


Figure 7-31 


BLOCK DIAGRAM—D/A CONVERTER 
(4-BIT—16 LEVEL) 


v+ 



V- 


Figure 7-32 
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DETAIL OF CURRENT SOURCE SWITCH 
FOR DIGITAL 
TO ANALOG CONVERTER 


LOGIC INPUTS 


A (MSB) B C N (LSB) 



All resistor values are in ohms 


Figure 7-33 


The sum of the currents at the input of the 
operational amplifier is presented at its 
output as a positive voltage proportional to 
the input current. The type of conversion, 
successive approximation or ripple counter, 
etc., is controlled by the conversion logic. A 
is the most significant bit (MSB) and N is the 
least significant bit (LSB). The calibrate 
potentiometer is adjusted for the desired 
maximum output when all of the current 
switches are ON. The zero set is adjusted for 
a zero output level when all of the current 
sources are turned off. 

The detail of the current switches is shown 
in Figure 7-33. The diodes CR1 through CR4 
are necessary to ensure that the current 
switches may be adequately driven by typi¬ 
cal DTL/TTL gates. The bias resistors, Rb, 
are selected to provide a current in the bias 
compensating diodes equal to 75% of the 
current in the most significant of the two 
current sources of each 511. 


ANALOG MULTIPLEXER 

Many applications arise where digitally con¬ 
trolled analog switching is required. The 
circuit of Figure 7-34 illustrates a design 
using an integrated circuit which is capable 
of selecting one of two analog signals by 
digital means. The 511 is connected such 
that a logical “0”, at the control input, per¬ 
mits the associated analog input signal to 
appear at the common collector resistor 
while the other analog input signal is reject¬ 
ed. The block diagram of Figure 7-35 shows 
the connection of four of the circuits of 
Figure 7-34 to form an eight channel analog 
multiplex switch. A Signetics 8250, binary to 
octal decoder, is used to convert a three line 
binary address to a one of eight signal and 
present a logic “0” to the appropriate 511 
switch. The channel capability may be in¬ 
creased by the use of additional 511’s and 
8250’s with the D (inhibit) input of the 8250’s 
being used to control the groups of eight. 


Analog signals of up to 200KHz may be 
switched without amplitude degradation. 
The bandwidth may be extended to 2MHz 
when the collector load resistor is replaced 
with the input of a common base amplifier. 
Figure 7-36, thereby reducing the effects of 
the total parasitic circuit capacitances when 
many collectors are connected in parallel. 
For critical applications, the binary informa¬ 
tion should be applied to the 8250 inputs 
simultaneously. For applications where a 50 
to 100 nanosecond switching transient may 
be tolerated in the output, the 8250 inputs 
may be derived from ripple through coun¬ 
ters. In order to eliminate gain differences, 
from input to input, and minimize the dc 
shift at the output, the bias and emitter 
resistors should be matched at 1% or better. 
The circuits presented in this memo are but 
a few of the many possible. The component 
values shown are not necessarily optimum 
and should be modified to fit each specific 


signotics 


753 







Communications Circuits 



application. In the application of the 511, the 
user is cautioned to maintain short leads 
and maintain input/output isolation as the 
circuit transistors have gains in excess of 
unity at frequencies as high as 500MHz. The 
user should also note that the isolation 
contact substrate must always be connect¬ 
ed to the most negative point of the circuit. 
Further information is presented in the Ap¬ 
pendix. 


BALANCED MODULATOR 

The MCI 496 is a monolithic transistor array 
arranged as a balanced modulator- 
demodulator. The device takes advantage 
of the excellent matching qualities of mono¬ 
lithic devices to provide superior carrier and 
signal rejection. Carrier suppressions of 
50dB at lOMHz are typical with no external 
balancing networks required. 


Applications include AM and suppressed 
carrier modulators, AM and FM demodula¬ 
tors, and phase detectors. 

THEORY OF OPERATION 

As Figure 7-37 suggests the topography 
includes three differential amplifiers. Inter¬ 
nal connections are made such that the 
output becomes a product of the two input 
signals Vc and Vs- 

To accomplish this the differential pairs Q1- 
Q2 and Q3-Q4, with their cross coupled 
collectors, are driven into saturation by the 
zero crossings of the carrier signal Vc. With 
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BALANCED MODULATOR 
SCHEMATIC 


Vo(+) Vo (-) 



All resistor values are in ohms 


Figure 7-37 


SINGLE SUPPLY BIASING 


'/cc 



Figure 7-38 


a low levelsignal, Vs, driving the third differ¬ 
ential amplifier Q5-Q6, the output voltage 
will be a full wave multiplication of Vc and 
Vs. Thus for sine wave signals, Vout be¬ 
comes: 

Vout = ExEy [cos (cox + cuy) t + cos (cox - (Oy) t] 
From equation 7-21 the output voltage will 
contain the sum and difference frequencies 
of the two original signals. In addition, with 
the carrier input ports being driven into 
saturation, the output will contain the odd 
harmonics of the carrier signals. 

BIASING 

Since the MC1496 was intended for a multi¬ 
tude of different functions as well as a 
myriad of supply voltages, the biasing tech¬ 
niques are specified by the individual appli¬ 
cation. This allows the user complete free¬ 
dom to choose gain, current levels, and 
power supplies. The device can be operated 
with single ended or dual supplies. 
Internally provided with the device are two 
current sources driven by a temperature 
compensated bias network. Since the tran¬ 
sistor geometries are the same and since 
Vbe matching in monolithic devices is ex¬ 
cellent, the currents through Q7 and Q8 will 
be identical to the current set at pin 5. Figure 
7-38 and 7-39 illustrate typical biasing ar¬ 
rangements from split and single ended 
supplies respectively. 


DUAL SUPPLY BIASING 



Figure 7-39 
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MODULATOR FREQUENCY SPECTRUM 



fC Carrier Fundamental fC± nfs Fundamental Carrier Sideband Harmonics 

fS Modulating Signal nfc Carrier Harmonics 

fC±fs Fundamental Carrier Sidebands nfQ± nfs Carrier Harmonic Sidebands 


Figure 7-40 


Of primary interest in beginning the bias 
circuitry design is relating available power 
supplies and desired output voltages to 
device requirements with a minimum of 
external components. 

The transistors are connected in a cascode 
fashion. Therefore sufficient collector volt¬ 
age must be supplied to avoid saturation if 
linear operation is to be achieved. Voltages 
greater than 2 volts is sufficient in most 
applications. 

Biasing is achieved with simple resistor 
divider networks as shown in Figure 7-39. 
This configuration assumes the presence of 
symmetrical supplies. Explaining the dc 
biasing technique is probably best accom¬ 
plished by an example. Thus, the initial 
assumptions and criteria are set forth: 

1. Output swing greater than 4 volts p-p. 

2. Positive and negative supplies of 6 volts 
are available. 

3. Collector current is 2mA. It should be 
noted here that the collector output cur¬ 
rent is equal to the current set in the 
current sources. 

As a matter of convenience the carrier sig¬ 
nal ports are referenced to ground. If de¬ 
sired the modulation signal ports could be 
ground referenced with slight changes in 
the bias arrangement. With the carrier in¬ 
puts at dc ground, the quiescent operating 
point of the outputs should be at one half the 
total positive voltage or 3 volts for this case. 
Thus a collector load resistor is selected 
which drops 3 volts at 2mA or 1.5k ohm. A 
quick check at this point reveals that with 
these loads and current levels the peak to 
peak output swing will be greater than 4 
volts. It remains to set the current source 
level and proper biasing of the signal ports. 


The voltage at pin 5 is expressed by 
Vbias = Vbe = 500 X Is 

where Is is the current set in the current 
sources. 

For the example Vbe is 700mV at room 
temperature and the bias voltage at pin 5 
becomes 1.7 volts. Because of the cascode 
configuration both the collectors of the 
current sources and the collectors of the 
signal transistors must have some voltage to 
operate properly. Hence the remaining volt¬ 
age of the negative supply (-6v + 1.7v - 
-4.3v) is split between these transistors by 
biasing the signal transistor bases at 
-2.15 volts. 

Countless other bias arrangements can be 
used with other power supply voltages. The 
important thing to remember is that suffi¬ 


cient dc voltage is applied to each bias 
point to avoid collector saturation over the 
expected signal wings. 

BALANCED MODULATOR 

In the primary application of balanced mod¬ 
ulation, generation of double sideband sup¬ 
pressed carrier modulation is accom¬ 
plished. Due to the balance of both 
modulation and carrier inputs the output, as 
mentioned, contains the sum and difference 
frequencies while attentuating the funda¬ 
mentals. Upper and lower sideband signals 
are the strongest signals present with har¬ 
monic sidebands being of diminishing am¬ 
plitudes as characterized by Figure 7-40. 

Gain of the 1496 is set by including emitter 
degeneration resistance located as Re in 
Figure 7-41. Degeneration also allows the 


DOUBLE SIDEBAND 
SUPPRESSED CARRIER 
MODULATOR 



Figure 7-41 
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CARRIER INPUT 
SIGNAL (Vq) 

APPROXIMATE 
VOLTAGE GAIN 

OUTPUT SIGNAL 
FREQUENCY(S) 

Low-level dc 

RlVc 

fM 


High-level dc 

Rl 

fM 

R + 2re 

Low-level ac 

RLVc(rms) 

fC ± fM 

2^/2 + 

High-level ac 

0.637RL 

Re + 2re 

fC ± fM. 3fc ± fM, 

5fc ± fM. ... 


Table 7-2 VOLTAGE GAIN & OUTPUT 
SPECTRUM vs INPUT SIGNAL 


maximum signal level of the modulation to 
be increased. In general linear response 
defines the maximum input signal as 

Vs < IS.Re (Peak) 
and the gain is given by 


Re + 2re 

This approximation is good for high levels 
of carrier signals. Table 7-2 summarizes the 
gain for different carrier signals. 

As seen from Table 7-2 the output spectrum 
suffers an amplitude increase of undesired 
sideband signals when either the modula¬ 
tion or carrier signals are high. Indeed the 
modulation level can be increased if Re is in¬ 
creased without significant consequence. 
However, large carrier signals cause odd 
harmonic sidebands (Figure 7-40) to in¬ 
crease. At the same time, due to imperfec¬ 
tions of the carrier waveforms and small 
imbalances of the device, the second har¬ 
monic rejection will be seriously degraded. 
Output filtering is often used with high 
carrier levels to remove all but the desired 
sideband. The filter removes unwanted sig¬ 
nals while the high carrier level guards 
against amplitude variations and maximizes 
gain. Broadband modulators, without ben¬ 
efit of filters, are implemented using low 
carrier and modulation signals to maximize 
linearity and minimize spurious sidebands. 

AM MODULATOR 

The basic current of Figure 7-41 allows no 
carrier to be present in the output. By add¬ 
ing offset to the carrier differential pairs, 
controlled amounts of carrier appear at the 
output whose amplitude becomes a func¬ 
tion of the modulation signal or AM modula¬ 
tion. As shown the carrier null circuit is 
changed from Figure 7-41 to have a wider 
range so that wider control is achieved. All 
connections are shown in Figure 7-42. 

AM DEMODULATION 

As pointed out in equation 7-21, the output 
of the balanced mixer is a cosine function of 
the angle between signal and carrier inputs. 
Further, if the carrier input is driven hard 
enough to provide a switching action the 
output becomes a function of the input 
amplitude. Thus the output amplitude is 
maximum when there is0° phase difference 
as shown in Figure 7-43. 

Amplifying and limiting of the AM carrier is 
accomplished by the ULN2209. Providing 
55dB of gain, the 2209 also provides sym¬ 
metrical limiting above400 /li volts. The limit¬ 
ed carrier is then applied to the detector at 
the carrier ports to provide the desired 
switching function. The signal is then de¬ 


modulated by the syncronous AM demodu¬ 
lator (1496) where the carrier frequency is 
attenuated due to the balanced nature of the 
device. Care must be taken not to overdrive 
the signal input so that distortion does not 
appear in the recovered audio. Maximum 
conversion gain is reached when the carrier 
signals are in phase as indicated by the 
phase-gain relationship drawn in Figure 7- 
43. Output filtering will also be necessary to 
remove high frequency sum components of 
the carrier from the audio signal. 

PHASE DETECTOR 

The versatility of the balanced modulator or 
multiplier also allows the device to be used 
as a phase detector. As mentioned the out¬ 


put of the detector contains a term related to 
the cosine of the phase angle. Two signals 
of equal frequency are applied to the inputs 
as per Figure 7-44. The frequencies are 
multiplied together producing the sum and 
difference frequencies. Equal frequencies 
cause the difference component to become 
dc while the undesired sum component is 
filtered out. The dc component is related to 
the phase angle by the graph of Figure 7-45. 
At 90 degrees the cosine becomes zero, 
while being at maximum positive or maxi¬ 
mum negative at 0® and 180° respectively. 

The advantage of using the balanced modu¬ 
lator over other types of phase comparators 
is the excellent linearity of conversion. This 
configuration also provides a conversion 


AM MODULATOR 

+12 VDC 



Figure 7-42 
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gain rather than a loss for greater resolu¬ 
tion. Used in conjunction with a phase 
locked loop for instance, the balanced mod¬ 
ulator provides a very low distortion FM 
demodulator. 

FREQUENCY DOUBLER 

Very similar to the phase detector of Figure 
7-44, a frequency doubler schematic is 
shown in Figure 7-46. Departure from Fig¬ 
ure 7-44 is primarily the removal of the low 
pass filter. The output then contains the 
sum component which is twice the frequen¬ 
cy of the input since both input signals are 
the same frequency. 
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SIGNETICS ENTERTAINMENT IC’S 




HOME ENTERTAINMENT IC’S 
Figure 8-1 


INTRODUCTION 

The ever increasing voracity of the consum¬ 
er electronics marketplace has led to a host 
of integrated circuits which replace discrete 
devices and simplify the old methods of 
doing things. For instance home entertain¬ 
ment systems now enjoy the use of integrat¬ 
ed power amplifiers, pre-amplifiers, and IF 
systems on a single chip. More recent ad¬ 
vancements have added the Dolby circuit 
and the CD-4 four channel stereo decoder 
in monolithic form. The following chapter 
will cover in detail the numerous benefits of 
using the new generation of consumer 
I.C.’s. 

POWER AMPLIFICATION 

Optimized for high quality and low distor¬ 
tion the 540 power driver is designed to 
drive a pair of complementary output tran¬ 
sistors. 

It features low standby current, 100mA out¬ 
put capability, low bias current, external 
current and power limiting, wide power 
bandwidth and a power supply operating 
range from ±5V to ±25V. • 

The 540 power driver is in essence a trans¬ 
conductance amplifier with an extremely 
linear output current swing of ±100mA with 
a transconductance of 3.3 Amps/Volt. The 
input stage converts the differential input 
voltage into current and the remaining cir¬ 
cuitry is basically a current amplifier in a 
class B configuration. Operating in class B 
allows the device to drive large currents with 


a minimum of internal power dissipation 
while using current gain rather than voltage 
gain increases bandwidth. 

COMPENSATION 

Most designs utilizing the 540 should be 
limited to gains higher than 40dB for sirnplic- 
ity of compensation. At this gain level a 
simple capacitance to ground and a small 
lead network in the feedback path provide 
excellent stability and wide bandwidth. 


OPEN LOOP FREQUENCY RESPONSE 
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Figure 8-2 


Because the 540 does possess many op amp 
features the compensation techniques for 
lower gains are also of interest. In order to 


simplify the precedure the current gain or 
transconductance is related to voltage gain. 
The output impedance of the 540 is 5kohms 
in parallel with lOOpF. Therefore, the 
equivalent open loop voltage gain is equal 
to (Equation 8-1) 

Ao = Sm X Ro = 3.3 X 5 X 103 = 16.5k 

The frequency response is given in Figure 8- 
2. Two methods of compensation can be 
used although one method allows only the 
inverting configuration. Figure 8-3 shows 
the lower gain configurations, which is valid 
for both inverting or noninverting configu¬ 
rations. As shown, by increasing the load 
capacitance the amplifier becomes more 
stable. Table 8-1 relates the necessary 
compensation capacitance to the required 
gain. Changes in bandwidth and slew rate 
are also given. 


CIRCUIT FOR GAINS LESS THAN 100 



All resistor values are in ohms 


Figure 8-3 
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Acl 

GBP. 

(MHz) 

SLEW 

RATE 

(V/ms) 

POWER 

BAND¬ 

WIDTH 

(KHz) 

Cj 

(mF) 

Cl 

(pF) 

2 

1 

0.3 

4.8 

0.5 

50,000 

5 

2.5 

0.75 

12 

0.2 

20,000 

10 

5 

1.5 

24 

0.1 

10,000 

50 

25 

7.5 

120 

0.02 

2,000 

100 

50 

15 

240 

0.01 

1,000 

200 

100 

30 

480 

0.005 

500 


Table 8-1 540 Gain/Bandwidth 
Relationships 


For closed loop gains of 2 the 540 has 
characteristics similar to the 741 with the 
exception of ±100mA output capability and 
little parametric change with capacitance 
loads up to 50,000pF. Such applications as 
coaxial line drivers and capacitance bridge 
drivers come to mind immediately and 
benefit greatly from this feature. 

Another method of compensation applies 
only to the inverting amplifier configuration 
as illustrated by Figure 8-4. By placing high 
frequency attenuation across the input 
terminals the loop gain is reduced suffi¬ 
ciently to avoid oscillations even at unity 
gain. 



Since signal levels are low at these points 
the slew rate and associated bandwidth are 
very good as illustrated by the Bode plots of 
Figure 8-5. The peaking exhibited by the 
gain of 100 configuration is less than 2dB 
while the 3dB bandwidth is 850kHz. More 
severe peaking is exhibited by the unity gain 
amplifier suggesting that the overall phase 
shift is increasing, but the 3dB bandwidth is 
over 2MHz. 



Gain settings other than those shown re¬ 
quire increasing values of capacitance as 
the gain approaches 0. The approximate 
values can be calculated from the expres¬ 
sion 

(Equation 8-2) 


C = 


0.01 juFd 

RF(kohms) ^ ° 


where Rseries = 56ohmsand Rf is expressed 
in kohms. 

Although 56 ohms was found to be ade¬ 
quate in most cases, slightly less resistance 
may be beneficial at unity gain while higher 
values will be satisfactory at higher gains. 
The formula of Equation 8-2 is only approxi¬ 
mate and will depend upon the series resist¬ 
ance used and the capacitance loading 
present at the amplifier output. 


POWER OUTPUT STAGES 

The 540 was designed specifically to drive 
complementary output transistors for very 
high output currents. Figure 8-6 illustrates 
the necessary connections with Figure 8-7 
providing a printed circuit pattern and load¬ 
ing diagram. 

As shown, typical operational amplifier 
feedback techniques are used to set the ac 
gain at the desired point (40dB in this case). 
Resistor R8 is returned to ground thru a 
50jufd capacitor. 

At low frequencies the capacitive reactance 
becomes large causing the amplifier gain to 
roll off to unity at dc. This is done to prevent 
dc voltages such as offset voltage from 
becoming amplified to the level where they 
might be detrimental to the speaker system. 

The selection of power transistors is dictat¬ 
ed primarily by the output current capability 
of the 540 which is ±100mA. Total harmonic 
distortion is a direct function of output 
current also. As seen from the distortion 
curves in the data sheet the reflected imped¬ 
ance from the emitter followers seen by the 
540 should be as high as possible if mini¬ 
mum harmonic and intermodulation distor¬ 
tion is to be realized. Transistor types hav¬ 
ing betas greater than 50 at 3 amps of 
current are excellent choices. Such transis¬ 
tor types as the 2N3055, or the 2N5877 npn 
types and the 2N3789 or 2N5879 pnp types 
are good choices because their betas are 
specified at 4 amps and they are relatively 
Inexpensive. 


35 WATT POWER AMPLIFIER 



Figure 8-6 
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p. 


PRINTED CIRCUIT BOARD FOR 35 WATT AMP 

C. BOARD LAYOUT PARTS LAYOUT 

(Bottom View) (Top View) 



All resistor values are in ohms 

Figure 8-7 


75 WATT RMS POWER AMPLIFIER 



R4-R6=-- _ . . R9 + R10 R1 

• peak AC gam minimum =—— -x — 

^ R10 R2 

R5 Rl ^ R6 Rl 

Power limiting = ^ = =— Cl, C2 = 100 - lOOOpF 

Figure 8-8 


At high frequencies additional phase shifts 
up to 90 degrees can be contributed by the 
output transistors. Total phase margin in 
these cases reduces to less than 45 degrees 
which can cause instability. Miller capaci¬ 
tors of 500pF should be added from base to 
collector as shown in Figure 8-6. Close 
physical leads should be incorporated to 
assure low lead inductance. 

POWER LIMITING 

Power limiting is achieved by placing a 
resistor network around the output stage as 
shown in Figure 8-6. R1 and R6 are current 
sensing resistors with R3 and R4 being 
voltage sensing resistors. It is the purpose 
of R2 and R5 to establish a voltage just 
below the Vbe of the current limiter transis¬ 
tor. Only a small additional current through 
the output devices is necessary to increase 
the voltage drop sufficiently to activate the 
current limiters. However, as long as a load 
Is present at the output, the voltage across 
resistors R3 and R4 will be reduced propor¬ 
tionally to the voltage developed across the 
load resistor allowing higher currents to be 
developed only under safe load limits. Typi¬ 
cal Vbe/Ib curves for the limiter devices can 
be found in the data sheet. Power dissipa¬ 
tion internally to the 540 can become quite 
high. Especially with maximum power sup¬ 
ply voltages it is a good idea to use a clip on 
heat sink. For example at ±25 volts the 
device quiescent current is 20mA maxi¬ 
mum. Therefore Internal dissipation is 1W— 
in excess of package ratings without the use 
of a clip on radiator. 


HIGH POWER AMPLIFIER 

Figure 8-8 shows a hook-up of the 540 
driving an output stage capable of swinging 
95 volts peak-to-peak. Given a 16ohm load 
the output rms power Is then greater than 
72W. 


The extended voltage range is achieved by 
driving the load from a high current output 
stage which has voltage gain and which is 
operating from a higher supply voltage. Q1 
and Q2 provide current and power limiting 
for the output stage. Output stage gain is 
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calculated from the ratio of R1 and R2 such 
that 


R1 


VqUT (MAX) 
VOUT(540) 


(Equation 8-3) 


This voltage gain is sufficient to amplify the 
peak 540 output voltage (vy/hich depends 
upon the 540 supply voltage) to the maxi¬ 
mum possible output voltage (dependent 
upon output stage supplies). 

Current limiting levels are described by 

(Equation 8-4) 


IPEAK 

By establishing a voltage and current com¬ 
bination to generate the necessary turn on 
voltage, power limiting is achieved. Power 
limiting is fixed by the relationship 

(Equation 8-5) 


_R^ ^ ^ d— = — 

2R3 R4 2R7 R8 

When defining values of R3, R5, R6 and R7 
the current should be approximately 4mA. 
This allows sufficient base drive to Q1, and 
Q2 to assure that full limiting takes place. 

The output voltage is defined as 0 volts 
when the bias current is calculated. Thus for 
a 50 volt supply the current becomes 

(Equation 8-6) 


VSUPPLY 
R3 + R5 


50 

12k + 56 


= 4.16mA 


A voltage due to this current is developed 
across resistors R3 and R7. This voltage 
must be less than 750mV and is usually 
selected to be between 300 and 400mV. As 
long as the normal load is seen by the 
amplifier the voltage across the load sub¬ 
tracts from the current limiter Vbe voltage. 
This increases the output current of the 
amplifier until peak current is reached at full 
output voltage corresponding to full power. 


SINGLE SUPPLY AMPLIFIERS 

When one polarity supply is all that is avail¬ 
able, the 540 can be rebiased to perform 
normally. For instance the 12 volt supply 
found in automobiles is used by the circuit 
of Figure 8-9. For proper operation the 540 
differential inputs must see bipolar sup¬ 
plies. To achieve this the inputs are returned 
to one half of the available supply or 6 volts. 
All circuitry is otherwise basic with the 
exception of the load. The amplifier output 
will be 6 volts dc since the amplifier has a 
dc gain of one. The load must be ac 
coupled in order to block this voltage from 


the speaker. The supply current of the 540 is 
sensed with a 39ohm resistor for output 
transistor drive. This method assures that 
the maximum output swing is equal to the 
supply voltage less only the saturation volt¬ 
age of the output transistors. The maximum 
drive current for the output devices is 
established by the 56ohm resistor in series 
with 50jLtFd capacitor from the 540 output to 
ground. The 560ohm resistor in parallel with 
5000pF provides an output voltage ref¬ 
erence as well as high frequency stabili¬ 
zation. 

HAMMER DRIVER 

The 540 can also be used as a driver for 
relays, solenoids, motors, or any other me¬ 
chanical devices. Figure 8-10 demonstrates 
some typical connections. The load can 
either be push pull or (as in the conventional 
hook-up) single ended. In the push pull 
connection the load is driven in either the 
positive, negative, or both arms of the out¬ 
put. Depending on the input pulse polarity, 
either output can be selected. In addition, 
the output can be gated off by applying a 
voltage via a current limiting resistor to 
either pin 5 or 6 between pins 1 and 10. 


The current required for these limiters is 
approximately 1mA for pin 1 and lOOjuAfor 
pin 5. 

In such applications the required input sig¬ 
nal is defined by the maximum load voltage 
divided by the closed loop gain. 



RELAY-SOLENOID DRIVER 



Figure 8-10a 


Figure 8-1 Ob 
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DESCRIPTION 

The NE541 High Voltage Power Amplifier 
has been designed primarily for use with 
audio equipment. Figure 8-11 shows the 
typical circuit configuration for evaluation 
of the following parameters. 

The amplifier is basically a class AB1 type 
giving very high current gain (typically 90dB 
or better within the audio frequency spec¬ 
trum of 20Hz to 20kHz). The high gain of the 
amplifier permits relatively small signal lev¬ 
els from a preamp stage to be used. If the 
amp stage uses a large feedback factor, the 
linearity of the preamp can be improved. 
The NE541 should operate with closed loop 
gains of 30dB or higher to permit wide band 
operation with relatively high capacitive 
loads at its output. Therefore, a preamp 
whose output is 200-300mVrms will result in 
output levels of 10-20Vrms from the NE541. 

The NE541 always requires some capaci¬ 
tance on its output. The device has been 
designed with some positive feedback 
which aids in the high slew rate and high 
gain capability. The output capacitance 
maintains the stability of the device. 

The NE541 has built-in short circuit protec¬ 
tion. A sensing resistor in series with the 
output drivers turns on a base current shunt 
when the output current goes too high. This 
limit is set to approximately 100mA typical¬ 
ly, but will have variations due to processing 
and manufacturing tolerances. In addition 
to the built-in short circuit protection, the 
current can be limited by use of external 
circuitry as shown in Figure 8-12. 

The wide band operation of the device as 
seen in Figure 8-13 plus the nominal low 
offset voltages inherent to the amplifier (Vos 
and los) will permit the usage of the device 
in several other areas, such as instrumenta¬ 
tion amplifiers, servo drivers and power 
regulators. 


TYPICAL CIRCUIT CONFIGURATION 



75 WATT AMPLIFIER WITH EXTERNAL CURRENT LIMITING 



Several input configurations can be incor¬ 
porated to add either bass or treble boost to 
the system. These configurations should be 
evaluated by the designer to best fit his 
needs. For high power systems additional 
speaker compensation can be included. 

FM DETECTOR—LIMITER 

The ULN2111 was designed primarily for 
FM and TV sound IF applications. This 
circuit is comprised of a three stage limiting 
amplifier with a voltage gain of 60dB and a 
balanced quadrature phase detector as 
shown in Figure 8-17. 

Comprised of three identical differential 
amplifier stages, the amplifier—limiter is 
directly coupled thru emitter followers. The 
direct coupling is possible by using an 


GAIN PHASE vs FREQUENCY 
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IME541 GAIN. PHASE, vs FREQUENCY 
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Figure 8-13 


BASIC OPERATING EQUATIONS 

Lower 3dB 

.0.16 

RfCf 


Bass Emphasis 

10k / l + Sl \ 

®"'pin6 Rinll+S2i 

where: S1 = jwCiRi 

$2 = jwCI (R1 + R2) 

Amplifier Gain (Midband) 

10k + Rf, 

AcL = 20 logic-— Rf in kn 

Loop gain « 90dB - Acl 
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DISTORTION vs FREQUENCY 

DISTORTION vs 

NE541 FREQUENCY 



NOTE 

Co = 17VRMS Figure 8-14 




internally generated voltage reference 
formed by a series diode string, dc level 
shifting between stages, and overall dc 
negative feedback. 

To provide for flexibility in the driving of 
different phase-shift networks, two limiter 
outputs are available. One provides the fully 
limited output voltage of 1.4V peak to peak 
which is applied directly to the coincidence 
detector. A second low voltage output sup¬ 
plies the same signal at an attenuation of 
-20dB. 

FM detection is accomplished with the bal¬ 
anced product detector shown in Figure 8- 
18. As has been pointed out in the phase 
detector discussions of chapter 7 the bal¬ 


anced product detector produces an output 
dependent upon the phase of the two Input 
signals. By phase shifting, with a simple LC 
network, one signal from the other by 90°, 
the carrier signal becomes non-existent and 
the audio modulation is recovered. For any 
level of the Inputs VI and V2 of Figure 8-18 
the output voltage becomes 

(Equation 8-7) 
t 

Vr i* 

Vo=— J U1(t)U2(t)dt 
o 

(Equation 8-8) 

where 


U2 = tanh 


V2 (t) 
2kT/q 


and 



(Equation 8-9) 


(Equation 8-10) 


Equation 8-7 shows that the output is pro¬ 
portional to the product of the two input 
functions U(t). 

The U function accounts for any symmetri¬ 
cal limiting in the base-emitter junctions 
and can be approximated for linear opera- 
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MONOLITHIC MULTIPLIER BLOCK 





tion and hard-limiting by the input voltage 
itself or by switching function, respectively. 

There are two modes of operation: high 
level switching and low level switching. The 
frequency-transfer characteristics for each 
operating mode are given by; 

(Equation 8-11) 


~=—arctan a (high level) 
Vr tt 


(Equation 8-12) 

Vo 2 /| vi lo \ a ( low level) 

VR“a \2kT/q/ 1 + a2 


(Equation 8-13) 


where 


A = 2Q~ = 
To 


normalized frequency 
deviation 


and 

IviIq is the magnitude of V1 at the center 
frequency. 

Equation 8-17 and 8-18 are plotted in Figure 
8-19. For low level operation, the amplitude 
of the bell-shaped response of the tuned 
circuit provides the response fall-off on 
either side of the center frequency, and the 
familiar S-shaped transfer function is ob¬ 
tained. The peak-to-peak separation of the 
source is directly related to the 3dB band¬ 
width of the tuned circuit. For high-level- 
operation and within a large range of fre¬ 
quency deviations, the amplitude response 
of the network transfer function is eliminat¬ 
ed, and the response is directly that of the 
phase-shift properties of the LC network. 

The conversion efficiency, Vf defined as the 
slope of the transfer characteristic at the 
center frequency, can be shown to be: 


(Equation 8-14) 


Vf = 



2 

=—Vr tanh 

TT 


Ivilo 

2kT/q 


Figure 8-20 shows the measured values of 
the conversion efficiency as a function of 
the magnitude of the driving voltage VI, at 
the center frequency 4.5MHz. 


DEFINITIONS 

In order to properly utilize the design advan¬ 
tages offered by the ULN2111 it is necessary 
to clarify those quantities used in design 
evaluations. 

Center Frequency—thefm modulated carri¬ 
er frequency designated by fo. 

Frequency Deviation—the amount of fre¬ 
quency change of the carrier designated Af 

Network Selectivity—the Q of the tuned 
circuit used for phase shifting (Q = Inland 
should be greater than 10) 

Conversion Efficiency—the slope of the fm 
“S” curve specified by (dVouT/d0) = VOLTS 
per radian. 

Normalized Deviation—For simple LC net¬ 
works the quantity 2Q ^ is designated by 
the letter a. 


GENERAL CONSIDERATIONS 

The ULN2111 Is very versatile and easy to 
use. Only a few general requirements are 
needed. 

1. As with any Integrated circuit, especially 
those operating at high frequencies, the 
power supply at pin 13 should be by¬ 
passed with a ceramic disc of the 05./,tfd 
value range. 

2. Amplifier gain is 60dB at high frequen¬ 
cies. This can be troublesome unless 


good high frequency layout techniques 
are practiced. Ground planes are very 
helpful and physical separation of Inputs 
and outputs is mandatory. 

3. A dc path less than 3000 should be pro¬ 
vided between pins 4 and 6. 

4. Decoupling capacitor leads at pins 5, 6, 
and 12 should be as short as possible. 

5. The maximum ac load current can be 
increased by adding an external resistor 
between pins 1 and 7. The minimum value 
for this resistor is 8000, giving a mini¬ 
mum load current of 4mA RMS. 

6. A dc path less than 1000 shall be pro¬ 
vided between pins 2 and 12. No other 
biasing provisions are required. 


CALCULATED TRANSFER 
CHARACTERISTICS FOR HIGH 
AND LOW LEVEL CASES 



- 4 - 3 - 2-10 1 2 3 4 


Figure 8-19 


MEASURED CONVERSION EFFICIENCY 
OF THE MONOLITHIC FM DETECTOR 



0 50 100 150 200 

INPUT VOLTAGE Vi (mVrms! 


Figure 8-20 
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PERFORMANCE 

In an FM detector and limiter, the major 
figures of merit include recovered audio 
amplitude, dynamic range, and total har¬ 
monic distortion. 

Audio recovery is affected primarily by the 
resonant LC network and the injection level 
at the detector input. 

To obtain a proper value for audio recovery, 
specific characteristics of the S curve are 
recommended. A choice of slope of the S 
curve gives a specified value for dV/dF, 
which is the basic expression of audio re¬ 
covery. A choice of a peak-to-peak separa¬ 
tion desired and a choice of peak-to-peak 
voltage required at the nodes of the S curve 
determine the Q of the LC resonant network 
and injection level. 

The peak-to-peak separation is usually de¬ 
fined by the service for which the system is 
intended. This value is 550kHz for FM and 
150kHz for TV. An approximation of the 
circuit Q can be made by the equation: 


TRANSFER CHARACTERISTICS FOR A SIMPLE LC NETWORK 


OUTPUT 



OUTPUT = / (NORMALIZED DEVIATION) 

(The units along the vertical axis are arbitrary units.) 
Linear mode: Operation of the FM detector with no 
limiting after the phase shift network. 


NOTES 

1. Vf defines the slope of the FM transfer characteristic, 
at origin: 

dVout 

Vf --at a = 0 

da 

Vf is primarily a function of bias current in the detector 
and injection voltage. 

Vf will decrease with decreasing Vcc or Vinj. 

2. a = normalized frequency deviation: 

_ 20AF 
Fo 

a = 1 for peak deviation 


Figure 8-21 


TV INTERFACING 


(Equation 8-15) 
Fo 

Q= — 

Af 

where fo is the center frequency and Af is 
the 3dB attenuation bandwidth. For TV serv¬ 
ice, the value of circuit Q Is approximately 

4.5X106 

Q =-30 

150X103 


Although the desired circuit Q is fairly low 
(Indicating a high-L network), it is desirable 
to use a hIgh-C network. The input to the 
detector Introduces some variable capaci¬ 
tance. This can be minimized through the 
use of at least lOOpF as the C part of the 
resonant circuit. Inductor choice, along 
with this capacitance value, yields a net¬ 
work with a Q somewhat higher than de¬ 
sired. This can be reduced by using a paral¬ 
leled resistor across the network. 

Figure 8-21 shows the transfer characteris¬ 
tic for a simple LC network, while Figure 8- 
22 shows the ULN2111 FM Detector and 
Limiter used for TV interfacing. 

Typical driving capabilities of the ULN2111 
at 4.5MHz are shown in Figure 8-23. 

LILN2111A Driving Capabilities at fo = 
4.5MHz 


Fig. 

RUO) 

Af = 7.5kH2 

Af = 24kH2 

Remarks 

A 

2000 

220 

650 

No Clipping 

B 

200 

130 

400 

No Clipping 

C 

200 

220 

650 

Clipping at 
Vo = 500Vrms 



All resistor values are in ohms 

Figure 8-22 


ULN2111A DRIVING CAPABILITIES AT = 4.5 MHz 



All resistor values are in ohms 

Figure 8-23 
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The final component required is a small 
decoupling capacitor placed between the 
network and the low amplifier output. To 
insure linear detector operation, the react¬ 
ance of this capacitor should be substantial¬ 
ly large, as compared to the impedance of 
the tuned circuit at resonance. 

The voltage developed across the simple 
tank circuit is applied to the other two bal¬ 
anced gates of the coincidence detector 
through emitter follower Q1,which provides 
a capability for monitoring the LC network 
tuning without any appreciable loading ef¬ 
fects. It also reduces, to a great degree, the 
capacitance reflected to a tuned circuit, 
leading to a negligible shift in the tuning as a 
function of incoming signal strength. 

When designing the LC network it is neces¬ 
sary to provide the following requirements: 

1. Capacitively drive the network from 
low impedance (pins 9 or 10). 

2. Pins 2 and 12 should see a dc path less 
than 100 ohms. 

3. The required V 2 (Figure 8-18) must be 
supplied at pin 12 by the network. 

4. The phase of the network at fo must be 
Tr/2 or an odd multiple thereof. 

5. To minimize output distortion a maxi¬ 
mum normalized deviation (a) of less 
than .3 should be used. 

Figure 8-24 gives the recommended net¬ 
works for use at 10.7MHz and 4.5MHz. 



COMPONENT VALUE | 


TV 4.5MHz 

Fm 10.7MHz 

L Inductance 

7-1 4mH 

1.5-3mH 

L Nominal Q 

50 

50 

(unloaded) 



L DC Resistance 

50a 

5on 

Ca 

3pF 

4.7pF 

Cb 

120pF 

120pF 

R1 

20k 

3.0K 

Network Q 

30 

20 


The other factor governing audio output is 
the injection value at the input to the detec¬ 
tor. The optimum value is 60mVrms at the 
resonant frequency of the network. Figure 
8-20 shows a normalized plot of Vinj as a 
function of Vf, where Vf represents a nor¬ 
malized output for any single LC network. 
Note that the output (Vf) has a linear rela¬ 
tionship to Vinj up to approximately 50mV. 
Above this value, the function breaks into a 
curve, then flattens out, indicating that the 
detector is in a switching mode. 

Figures 8-25 and 8-26 demonstrate the de¬ 
tector operation in the linear (low injection) 
mode and the switching (high injection) 
mode. Note that in the linear mode, a greater 
portion of the S curve is linear, thus pro¬ 
ducing lower distortion than in the switch¬ 
ing mode. For best operation, the low injec¬ 
tion mode is recommended where Vinj is set 


as high as possible. The optimum injection 
value Is 60mVrms. 


TYPICAL PHASE SHIFT NETWORKS 


Cb 




COMPONENT VALUE 


TV 4.5 MHz 

FM 10.7 MHz 

L INDUCTANCE 

L NOMINAL Q (UNLOADED) 

L DC RESISTANCE 

Ca 

Cb 

Rl 

NETWORK Q 

7-14mH 

50 

50n 

3pF 

120 pF 

20K 

30 

1.5-3/iH 

50 

50n 

4.7pF 

120pF 

3.0K 

20 


Figure 8-24 


FM TRANSFER CHARACTERISTICS 
LOW Vij OPERATION 
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Fo < 10 
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Figure 8-25 



Introduction 

The phase locked loop (PLL) has been used 
for many years in consumer equipment. 
Due to the nature of FM STEREO MULTI¬ 
PLEX SYSTEMS, where prime importance 
is the channel separation, discrete systems 
lacked the tracking ability over wide tem¬ 
perature and voltage ranges to be done 
economically. 

The development of the monolithic PLL and 
improvements in 1C processing has made 
the Phase Locked Loop FM Stereo Multi¬ 
plexer Decoder a reality. 

Major Advantages 

The economic advantages in using the PLL 
multiplex decoding system are not only cost 
reduction, by eliminating peripheral com¬ 
ponents, but the man hour cost reduction by 
eliminating turning coils, thereby eliminat¬ 
ing tedious alignment procedures. 

The cost advantages are extremely signif- 
cant and are in addition to the following; 

• 45 dB Channel Separation 

• Automatic Stereo/Mono Switching 

• Stereo Indicator Lamp Driver With Cur¬ 
rent Limiting 

• High Impedance Input—Low Impedance 
Outputs 

• 70dB SCA Rejection (Subsidiary Carrier 
Authorization) 

• One Adjustment for Complete Alignment 

• 10V to 16V Supply Voltage Range 

FM Stereo Multiplex Subcarrier 
and Pilot 

The two (2) basic signals differentiating an 
FM stereo multiplex signal from an FM 
monaural signal are the 19kHz pilot and the 
38kHz subcarrier. The frequency and phase 
relationship of these signals is well defined. 

Earlier systems had to reconstruct the 
38kHz subcarrier by using the 19kHz pilot. 
This system required frequency multipliers 
and selective filters (coils). Since maximum 
channel separation is directly related to 
proper phasing, alignment procedures were 
extremely critical and therefore expensive. 
In addition, long term stability and per¬ 
formance were degraded due to component 
aging, and temperature. 

Use of the PLL as the multiplex decoder 
eliminated these short comings since the 
phase accuracy of the 38kHz signal is limit¬ 
ed only by the loop gain of the system and 
the free running oscillator stability. Both of 
these parameters are easily controlled, pro¬ 
viding easy, rapid adjustment and excellent 
long term stability. 
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BLOCK DIAGRAM 



19 kHz TEST 

SIGNAL 

LEFT 

CHANNEL 

OUTPUT 


RIGHT 

CHANNEL 

OUTPUT 


General Description 

The /xA758 is a monolithic Phase Locked 
Loop FM Stereo Multiplex decoder using 
the 16-LEAD Dip AA Package. This integrat¬ 
ed circuit decodes an FM Stereo Multiplex 
Signal into Right and Left audio channels 
while inherently suppressing SCA informa¬ 
tion when it is contained in the composite 
input signal. Internal functions include au¬ 
tomatic mono-stereo mode switching and 
drive for an external lamp to indicate stereo 
mode operation. 

The /iA758 operates over a wide supply 
voltage range and uses a low number of 
external components. It has only one con¬ 
trol to adjust a potentiometer to set oscilla¬ 
tor frequency. No external coils are re¬ 
quired. The /xA758 is suitable for all 
line-operated and automotive FM Stereo 
Receivers. 


Referencing Figure 8-27 

The upper row of blocks comprises the PLL 
which regenerates the 38kHz subcarrier, 
necessary for multiplex signal demodula¬ 
tion. The basic 76kHz generator is voltage 
controlled, and is divided by 2 to insure a 
50% duty cycle 38kHz internally generated 
signal. This symmetry is necessary for max¬ 
imum left/right channel separation and SCA 
rejection (band centered at67kHz). Dividing 
the 38kHz by 2 generates the 19kHz signal 
necessary to lock on to the incoming pilot 
signal. A second 19kHz signal is generated 
which is in quadrature to the first internally 
generated 19kHz signal and in phase with 
the pilot. This second 19kHz is mixed in a 
quadrature (synchronous) phase detector to 
operate the stereo switch and lamp driver 
circuitry. 

When a stereo signal is present, the stereo 


switch enables the stereo demodulator and 
when a stereo signal is not present the 
demodulator is disabled allowing the sys¬ 
tem to reach optimum noise performance. 


Functional Operation 

To aid in understanding the system opera¬ 
tion, the /uA758 equivalent circuit has been 
broken down into subsections as follows. 
Reference Figure 8-28. 

I Buffer Amplifier and Bias Supplies 

II Demodulator 

III Stereo Switch and Lamp Driver 

IV Voltage Controlled Oscillator 

V Frequency Dividers 

VI Pilot Phase and Amplitude Defectors 
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I Buffer Amplifier and Bias 
Supplies (Figure 8-29) 

The zener diode Z, and its associated tran¬ 
sistors generate a 6V internal voltage refer¬ 
ence source. From this 6V reference, addi¬ 
tional bias levels are established via 
resistors R3, R4, and R5. In addition transis¬ 
tor Q7 acts as the control source for several 
current mirrors; Q11 in the Buffer Amplifier, 
Q43 and Q44 in the Stereo Switch and Lamp 
Driver (III) and Q67 and Q73 in the Voltage 
Controlled Oscillator (IV). 

The input Buffer Amplifier (Q8, Q9) level 
shifts the composite multiplex input signal 
to 2 levels each in phase with each other. 

Transistors Q10 - Q13 amplify this same 
signal by the ratio of: 



This amplified signal, the gain of which is 
independent of supply voltage variation, is 
fed to the Pilot Phase and Amplitude Detec¬ 
tors (VI). 

II Demodulator (Figure 8-30) 

The basic demodulator, Q25 - Q30, is a fully 
balanced detector similar to standard phase 
locked loop types. The addition of resistors 
R29, R30, and R31 introduces a small offset 
to allow a small multiplex signal in the 
collector of Q30. This signal compensates 
the cross talk components inherent to the 
synchronous switching demodulation proc¬ 
ess. 

Switching to the left and right channels is 
accomplished through Q25 and Q26 when 
the 38kHz drive is present at their bases. 
This occurs when Q33 is “ON.” When Q33 is 
off, a dc bias is placed at the bases of Q25 
and Q26 through resistors R32 and R33, this 
automatically converts the system to mono¬ 
phonic operation. 

Supply voltage rejection is accomplished at 
the demodulator outputs by converting the 
audio to current supplies in Q23 and Q24. 
The voltage developed across pnp transis¬ 
tors is 

Ve = (V+ + Vmod) - (Vbe + Vd1 + ^R22 iacj + Vmod) 

where Vbe = base-emitter voltage across Q22 and 
Q23 

Vmod = modulation on the power line 
Vdi = diode drop in D21 

(R22)iac voltage drop due to current in the de¬ 
modulator 

Simplifying the above reduces to 

(Equation 8-16) 
Ve - V+ - (Vbe + Vdi + R22 iac) 

The output voltage developed is 
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(Equation 8-17) 



where Rext = external resistor 
The output voltage at pins 4 and 5 are 
provided through 1.3k resistors driven by 
Emitter Followers Q21 and Q24. 

III stereo Switch and Lamp Driver 
(Figure 8-31) 

The pilot amplitude detector differential 
voltage is sensed by the differential amplifi¬ 
er Q41 and Q42. This pair in conjunction 
with their load resistors (R41, R42) control 
amplifiers Q45, Q46. Positive feedback ac¬ 
tion is achieved through Q47, R50, Q50 and 
R46 (which turns off Q44). 

The turn on threshold is the differential 
input voltage required to overcome the off¬ 
set voltage in R43 times the current summa¬ 
tion of Ir 44 and Ir 45 - When the lamp is ON, 
Q44 is off and the differential voltage across 
R43 is reduced by the amount (Ir45 x R43), 
which means a lower turn off voltage is 
required. This voltage difference is referred 
to as the switch hysteresis. 

Transistors Q48 senses the current across 
R51 which therefore controls the maximum 
current in the Stereo Indicator Lamp. 

(Equation 8-18) 

_ Vbe Q48 

“ "W 

IV Voltage Controlled Oscillator 
(Figure 8-32) 

The basic oscillator Q71 - Q79 is an RC 
relaxation type which generates a positive 
low duty cycle, 76kHz output. The frequen¬ 
cy is established by equations 8-19 and 8- 
20 . 

The control voltage from the phase detector 
into the transconductance amplifier Q61 - 
Q69 converts the differential error to a bidi¬ 
rectional single ended current drive to the 
oscillator. 

Voltage on the capacitor is compared with 
the set voltages by the differential Input 
stage Q71, Q72. This feeds Q74, Q75. The 
output of Q75 drives a PNP inverter, Q76, 
(whose action eliminates power supply 
modulation as described in the demodula¬ 
tor section of this note), when these set 
limits are reached the direction of charge 
reverses. 


STEREO SWITCH AND LAMP DRIVER 



Figure 8-31 
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Lower set voltage is set by R79, R80, and the 
regulated 6V supply. The upper set voltage 
(Vh) involves two (2) additional resistors R77 
and R78 and is established when Q76 turns 
on Q77. Both set levels are referenced to the 
regulated 6V supply and are therefore de¬ 
pendent only on resistor ratios. (Proper 
design layout should also eliminate tem¬ 
perature variations.) 

Capacitor charging is through Q78 and R8 
and discharging through the external fixed 
resistor. 

Equations 8-19 and 8-20 of Figure 8-33 are 
first order expressions for the change and 
discharge periods. 

Q79 supplies a positive output pulse neces¬ 
sary to operate the 38kHz dividers. 

V Frequency Dividers 
(Figure 8-34) 

Transistors Q91 through Q94 form a simple 
divide-by-two circuit which converts the 
pulse output from the 76kHz oscillator to a 
38kHz square wave (reference 5). 

The divider changes state during the posi¬ 
tive excursion of the input pulse supplied 
from the emitter of Q79 in the oscillator. 
Initially, when the input is low, Q91 and Q92 
are OFF and we may arbitrarily assume Q93 
is ON and Q94 is OFF. 

As the potential on the Input rises, 091 
starts conduction before Q92 because the 
emitter of Q91 is at a lower potential than the 
emitter of Q92. (The emitter of Q91 is con¬ 
nected through R95 to the collector of 093 
which is in saturation, whereas the emitter 


of Q92 is at the Vbe(ON) potential of Q93). 
Since Q91 is ON, the current from both R92 
and R93 flows through the emitter of 091 
into R95. As this current Increases, the 
rising voltage at the emitter of 091 turns 
Q94 ON which removes base drive to Q93 
and turns it OFF, thus producing a change 
of state In the divider. Even though the 
relative potentials at the emitters of Q91 and 
Q92 are now reversed, current continues to 
flow in 091 for the duration of the positive 
input because Q92 Is held OFF by Q91. 
When the input returns to a low potential. 


Q91 turns OFF. The divider remains in its 
present state until driven by the next posi¬ 
tive going input. 

Oppositely phased 38kHz outputs to the 
demodulator are taken from the collectors 
of Q93 and Q94. Transistors Q95 and Q96 
are used to drive the two 38kHz dividers. 

The 38kHz Quadrature Divider has an 
identical configuration to the 76kHz divider. 
A change of state occurs with each positive 
excursion of the 38kHz input signal from the 
emitter of Q96. 


OSCILLATOR WAVEFORMS 



Basic timing equations: 

(Equation 8-19) 

Vs - Vi 

ti = R81 C 1n 

Vs - Vh 

(Equation 8-20) 

t2 = RC1n ~ 

where R and C are external components on Lead 15, R81 is on the chip, and Vh and Vl are 
set voltages which are a fixed percentage of Vs, the internally regulated 6 Volt supply. 

Figure 8-33 


FREQUENCY DIVIDERS 

38kH2 OUTPUTS 
TO DEMODULATOR 


0° 180° 



19kHz outputs to pilot amplitude and phase detectors. 


Figure 8-34 
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The 38kHz In-Phase divider contains a bi¬ 
stable pair, Q113 and Q114, steered by 
inputs into Q111 and Q112, (a 38kHz input 
from the collector of Q95, and 19kHz inputs 
from the bases of Q103 and Q104). If the 
19kHz input to the base of Q111 is high 
when the 76kHz divider turns Q95 ON, Q111 
conducts and removes drive to Q114, 
changing the state of the bistable pair, Q113 
and Q114. The bistable remains in this state 
until the next 38kHz turn on of Q95 which, 
this time, turns Q112 ON, removes drive to 
0113 and resets the bistable pair. The re¬ 
sulting 19kHz output from Q113 and 0114 is 
at 90 degrees to the Quadrature Divider 
output with no ambiguity in phasing. 

Pilot Phase and 
Amplitude Detectors 

The pilot phase detector and pilot amplitude 
detector as shown in Figure 8-35 are syn¬ 
chronous, balanced chopper types which 
develop differential output signals across 
external filters. Back-to-back NPN transis¬ 
tor pairs are used for each switch to insure 
minimum drop regardless of signal polarity 
without reliance on inverse NPN beta char¬ 
acteristics. 

The chopper transistors (0121 through 
0124), in the phase detector are driven from 
the 38kHz Quadrature Dividerthrough tran¬ 
sistors 0125 and 0126. The input signal is 
supplied from lead 12 through resistors 
R125 and R126. A differential output is 
developed across the loop filter, comprised 
of resistors R123and R124 and the external 
R-C network between leads 13 and 14. 

The pilot amplitude detector (0131 through 
0136), has an identical configuration to the 
phase detector. Since it operates with drive 
which is In phase with the pilot signal (90 
degrees from the drive to the phase detec¬ 
tor), its output is proportional to the ampli¬ 
tude of the pilot component of the multiplex 
signal. The differential output at leads 9 and 
10 is filtered by the external capacitor on 
these two leads. 

A reference 19kHz square wave signal is 
taken from the collector of drive transistor 
0136 through resistor R137 to lead 11. It has 
the same phasing as the pilot contained in 
the multiplex Input signal. 

STEREO PREAMPLIFIERS 
Introduction 

stereo preamplifiers have come Into greater 
and greater demand with the increased 
usage of tape recorders. With stereophonic 
recording systems, the need increased to 
have multiple devices in the same package 
to Insure greater thermal tracking and pack¬ 
ing density, without sacrificing perform¬ 
ance. 


PILOT PHASE AND AMPLITUDE DETECTORS 


90° 270° 19kHz INPUTS 0° 180° 



TEST CIRCUIT 1 AND TYPICAL APPLICATION 


V+ = +12V 



NOTE 


Tolerance on resistors is ±5% and tolerance on capacitors is ±20% unless otherwise 
specified. 

CT Tolerance = ±100%, -20% 

C6 Tolerance = ±1% in test circuit and ±5% in typical application 
R3 Tolerance = ±1% 

R4 Tolerance = ±10% 

R1 and R2 Tolerances = ±1% in test circuit and ±5% in typical application. 
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TYPICAL PERFORMANCE CURVES FOR 758C 
(Test Circuit 1 uniess Otherwise Specified) 


CHANNEL SEPARATION 
AS A FUNCTION OF 
AUDIO FREQUENCY 



AUDIO FREQUENCY • Hz 


CHANNEL SEPARATION 
AS A FUNCTION OF 
OSCILLATOR FREE 
RUNNING FREQUENCY 
ERROR 



OSCILLATOR FREE RUNNING FREQUENCY ERROR- % 


CAPTURE RANGE AS A FUNCTION 
OF PILOT LEVEL 



PILOT LEVEL-mVrm* 


TOTAL HARMONIC DISTORTION 
AS A FUNCTION OF 
INPUT LEVEL 


LAMP TURN ON AND TURN 
OFF SENSITIVITY AS A 
FUNCTION OF AMBIENT 
TEMPERATURE 


OSCILLATOR FREE RUNNING 
FREQUENCY ERROR AS A 
FUNCTION OF AMBIENT 
TEMPERATURE 


I 





INPUT LEVEL-mVrms 


TEMPERATURE®C 


TEMPERATURE"C 


TheNE542, LM381, LM382, LM387 all quali¬ 
fy as low noise dual preamplifiers. The 
LM381 and LM382 are 14 pin dual in line 
devices, while the NE542 and LM387 are 8 
pin dual in line devices. 

All of the above devices have greater than 
lOOdB open loop gain and (15-20) MHz gain 
bandwidth products. In selecting the proper 
“low noise” preamplifier several factors 
must be considered. 

I Frequency shaping characteristic re¬ 
quired. 

II Closed loop response with respect to a 
system reference level. 

III Response of the record/playback 
head. 

IV System distortion requirements. 

V Response of the tape used. 

The following will deal with items I, II, IV. 

When approaching the design criteria of 
Item 2, the designer should be concerned 
with the open loop device characteristics. 


These characteristcs will aid in determining 
the maximum boost available, knowing that 
a specific loop gain (open loop gain minus 
closed loop gain) will be necessary to keep 
the system distortion low and maintain the 
output impedance of the “low noise” pream¬ 
plifier constant over the required operating 
frequency range. 

EQUALIZATION CRITERIA 
RIAA Equalization 

Recording music in the medium of plastic 
discs is similar to that of magnetic tape in 
that neither system exhibits a linear ampli¬ 
tude vs frequency response. Compensation 
is therefore necessary with records as it was 
with tape. The standard equalization is 
known as the RIAA curve and is shown in 
Figure 8-36, with its corner or turn over 
frequencies. 

Many phono cartridges do not require 
preamplification. The ceramic and crystal 
types produce voltage larger than lOOmV. 



Magnetic types, however, produce small 
voltages in the neighborhood of 5mV and 
require preamplification. 
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RIAA standards call fora maximum record¬ 
ing velocity of 21 cm/sec for stereo discs. 
This worst case velocity describes a bound 
for the preamplifier gain because the input 
signal at this velocity is maximum. The 
maximum undistorted output voltage of the 
PA239 is 1.25 volts rms. This voltage divided 
by the output voltage of the cartridge at 
21 cm/sec velocity defines the highest gain 
permissible without distortion. This maxi¬ 
mum is assumed to be 40dB at 1 kHz for the 
following example. As seen from Figure 8- 
36, the RIAA curve accounts for 20dB base 
boost from 50Hz to 500Hz and 20dB of 
treble out from 2122Hz to 21kHz. 

NAB TAPE EQUALIZATION 

Recording and playback characteristics of 
magnetic tape and record/playback heads 
are not flat but exhibit a loss at high frequen¬ 
cies and a boost at lower frequencies. To 
obtain an overall flat frequency response 
and improved signal to noise ratio, the audio 
signals are equalized by boosting the higher 
frequencies in amplitude before recording. 
Playback amplifiers must exhibit bass boost 
to remove the effects of pre-emphasis for an 
overall flat response. 

Known as the NAB equalization curve, the 
standard deemphasis employs attenuation 
from the turnover frequency of 50Hz to the 
turnover frequency of 3180Hz for 7 1/2 Ips 
recording. The slower recording speed of 
3.75 Ips employs turnover frequencies of 
50Hz and 1326Hz. These curves are shown 
in Figure 8-37. A reference level of 800juV 
head sensitivity at 1kHz is also used by the 
NAB. 


tridges are too small to be useful without a 
large amount of low noise preamplification. 
In addition to providing low noise amplifica¬ 
tion, the preamplifier should possess 
enough open loop gain so that the RIAA and 
NAB equalization curves can be produced 
in the feedback networks of the amplifier. 

The following paragraphs describe the 
characteristics and applications of the 542, 
LM381/382 and the PA239. These devices 
provide a matched pair of amplifiers which 
have been specifically designed to minimize 
amplifier noise and maximize signal to noise 
ratio. 

542 DEVICE DESCRIPTION 

The NE542 Is a dual low noise amplifier with 
104dB open loop gain produced by two 
stages of voltage gain followed by one stage 
of current gain. 

In the design of low noise devices special 
attention must be focused on the input 
stage. If differential topography is used, the 
stage should be designed so that one of the 
differential transistors is turned off. This 
reduces the noise contribution by a factor of 
1.4 since only one transistor Is producing 
noise. Current sources and mirrors cannot 
be used for biasing loads because active 
elements will contribute more noise. 

Implementing these observations, the first 
gain stage of the 542 is pictured with the 
complete schematic by Figure 8-38. 

Although the differential input configura¬ 
tion degrades the noise performance slight¬ 
ly, using differential inputs has the advan¬ 


tages of higher input impedance, allowing 
smaller capacitors and larger resistors to be 
used to achieve the RIAA and NAB curves. 

The second stage is a common-emitter 
amplifier (Q5) with a current source load 
(06). The Darlington emitter-follower Q3- 
Q4 provides level shifting and current gain 
to the common-emitter stage (Q5) and the 
output current sink (Q7). The voltage gain of 
the second stage is approximately 2000 
making the total gain of the amplifier typi¬ 
cally 160,000 in the differential input con¬ 
figuration. 

The preamplifier is internally compensated 
with the pole-splitting capacitor. Cl. This 
compensates to unity gain at 15MHz. The 
compensation is adequate to preserve sta¬ 
bility to a closed loop gain of 10. 

BIASING 

The non-inverting input has been internally 
biased from a 1.4 Volt internal voltage 
source. Following the zero differential rule 
of amplifiers, the output voltage will be set 
by the resistor feedback network (R4 and 
R5) of Figure 8-39. 

The base of Q2 requires 0.5)uA bias current. 
Hence R5 should pass 5)uA minimum for 
stability, for an output dc voltage of 
the values of R4 and R5 are: 2 

(Equation 8-19) 

2 Vrf 

R5 =-rr^ = 240K Max. 

10 Ib 

(Equation 8-20) 




STEREO PREAMPLIFICATION 

The voltage level appearing at the output of 
tape playback heads and some phono car- 


EQUrVALENT SCHEMATIC 



All resistor values are in ohms 

Figure 8-38 
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DIFFERENTIAL INPUT BIASING 

vcc 



LM381 SCHEMATIC DIAGRAM 

'^cc 



All resistor values are in ohms 

Figure 8-40 


DG amplifier gain is defined by the ratio of 
R4 and R5. Open loop ac gain can be re¬ 
gained by adding a shunt capacitor across 
R5. The low frequency 3dB corner is then 
defined by the capacitor-resistor break 
point. 

LM381/382 Device 
Description 

To achieve low noise performance, special 
consideration must be taken in the design of 
the input stage. First, the input should be 
capable of being operated single ended; 
since both transistors contribute noise in a 
differential stage degrading input noise by 
the factor 

Secondly, both the load and biasing ele¬ 
ments must be resistive; since active com¬ 
ponents would each contribute as much 
noise at the input device. 

The basic input stage. Figure 8-40, can 
operate as a differential or single ended 
amplifier. For optimum noise performance 
Q2 is turned OFF and feedback is brought to 
the emitter Q1. 

In applications where noise is less critical, 
Q1 and Q2 can be used in the differential 
configuration. This has the advantage of 
higher impedance at the feedback summing 
point, allowing the use of larger resistors 
and smaller capacitors in the one control 
and equalization networks. 

The schematic diagram of Figure 8-40 is 
divided into the first and second voltage 
gain stages, the current gain stage, and the 
bias regulator. 

The second stage is a common-emitter 
amplifier (Q5) with a current source load 
(Q6). The Darlington emitter-follower Q3- 
Q4 provides level shifting and current gain 
to the common-emitter stage (Q5) and the 
output current sink (Q7). The voltage gain of 
the second stage is approximately 2000- 
making the total gain of the amplifier typi¬ 
cally 160,000 in the differential input 
configuration. 

The preamplifier is internally compensated 
with the pole-splitting capacitor. Cl. This 
compensates to unity gain at 15MHz. The 
compensation is adequate to preserve sta¬ 
bility to a closed loop gain of 10. Compensa¬ 
tion for unity gain closure may be provided 
with the addition of an external capacitor in 
parallel with Cl. 

Three basic compensation schemes are 
possible for this amplifier; first stage pole, 
second stage pole and pole-splitting. First 
stage compensation will cause an increase 
in high frequency noise because the first 
stage gain is reduced, allowing the second 
stage to contribute noise. Second stage 


compensation causes poor slew rate (power 
bandwidth) because the capacitor must 
swing the full output voltage. Pole-splitting 
overcomes both these deficiencies and has 
the advantage that a small monolithic 
compensation capacitor can be used. 

The output stage is a Darlington emitter- 
follower {Q8, Q9) with an active current sink 
(Q7). Transistor Q10 provides short-circuit 


protection by limiting the output to 12mA. 


Biasing 

Figure 8-41 shows an ac equivalent circuit 
of the LM381. The non-inverting input, Q1, 
is referenced to a voltage source two Vbe 
above ground. The output quiescent point is 
established by negative dc feedback 
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AC EQUIVALENT CIRCUIT 

Vcc 



All resistor values are in ohms 


Figure 8-41 


SINGLE ENDED INPUT BIASING 

vcc 



through external divider R4/R5 (Figure 8- 
39). 

For bias stability, the current through R5 is 
made ten times the input current of Q2 
(«0.5 mA). Then, for the differential input, 
resistors R5 and R4 are: 

(Equation 8-21) 

2Vbe 1-2 

R5 = = 7—77^ = 240kn MAX. 

10 Iq2 5 X 106 

(Equation 8-22) 

When using the single ended input, Q2 is 
turned OFF and dc feedback is brought to 
the emitter of Q1 (Figure 8-41). The imped¬ 
ance of the feedback summing point is now 
two orders of the magnitude lower than the 
base of Q2 (*= lOkO). 

Therefore, to preserve bias stability, the 
impedance of the feedback network must be 
decreased. In keeping with reasonable re¬ 
sistance values, the impedance of the feed¬ 
back voltage source can be 1/5 the sum¬ 
ming point impedance. 

The feedback current is less than lOOyuA 
worst case. Therefore, for single ended 
input, resistors R5 and R4 are: 

(Equation 8-23) 

Vbe 0.6 

R5 =-^= -= 1200aMAX. 

5 Ifb 5x104 

(Equation 8-24) 



The circuits of Figures 8-39 and 8-42 have 
an ac and dc gain equal to the ratio R4/R5. 
To open the ac gain, capacitor C2 is used to 
shunt R5 (Figure 8-43). The ac gain now 
approaches open loop. The low frequency 
3dB corner, fo, is given by: 

(Equation 8-25) 
Ao 

fo = 2^C2R4 ^ain 


LM381 OPEN LOOP CONFIGURATION 



Figure 8-43 
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NAB Tape Preamplifier 

Design of a preamplifier begins by deter¬ 
mining the gain and output signal ampli¬ 
tudes in reference to the standard 800)uV 
input signal level. For the following design 
example, we will use the 542 to achieve a 
100mV output level at 1kHz following the 7- 
1/2 Ips NAB equalization curve. The graph 
of Figure 8-37 has been calibrated both in 
absolute gain for this example and relative 
gain for general use. 

From the given parameters, the closed loop 
gain becomes 32dB at the highest frequen¬ 
cy of interest. The NAB response is 
achieved by adding frequency selective ac 
feedback as depicted by Figure 8-44. Resis¬ 
tors R4 and R5 select the dc gain as defined 
by Equations 8-19 and 8-20. Placing a value 
of 200K upon R5, Equation 8-20 yields a 
value of 680K ohms. 


NAB RESPONSE AMPLIFIER 


12V 



All resistor values are in ohms 

Figure 8-44 


The lower corner frequency is determined 
next by the reactance of C4 and R4 such 

(Equation 8-26) 

_ .159 
“ C4 R4 

Solving for C4 yields a value of .0047jufd. 

The upper corner frequency, f 2 , is similarly 
fixed by the reactance of C4 and R7. 

(Equation 8-27) 

.159 

Then solving Equation 8-27 for R7 defines a 
value of 11k ohms. 

Midband gain is now fixed by the relation¬ 
ship. 

(Equation 8-28) 

A = P6 + R7 
R6 


Solving for the 1 kHz gain of 42dB using 11 k 
for R7 yields a value of 88 ohms for R6. The 
final calculation of the low frequency cutoff 
of the preamp determines the size of C2. 

(Equation 8-29) 

.159 

fcUTOFF R6 


Typical Applications 

In addition to the previous detailed design 
examples, the following general amplifier 
configurations (see Figures 8-45 through 8- 
55) are presented. The choise of design and 
the device used is a function of the desired 
complicity and overall performance. 


FLAT RESPONSE TAPE 
AMPLIFIER 



Figure 8-45 


TWO-POLE FAST TURN-ON 
NAB TYPE PREAMP 




TYPICAL TAPE PLAYBACK 
AMPLIFIER 



Figure 8-48 


TAPE PREAMPLIFIER 

Vcc 




C2 

CF 

RF 

R1 

7-1/2 IPS 

750pF 

.033 

1.5K 

2211 

3-3/4 IPS 

750pF 

.047 

2.4K 

3312 


Figure 8-49 


TYPICAL NAB RECORD 
PREAMPLIFIER 


Vcc 



Figure 8-50 
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CASSETTE PREAMPLIFIER SINGLE CHANNEL 


' 60011 ILM387 


MAGNETIC 
=■ HEAD 


360K ^ > 3000pf 

I I 91K 91K 


*60011 resistor used as a 
terminator when using a 
voltage generator instead 
of the magnetic head. 


Figure 8-52 


CASSETTE PREAMPLIFIER USING LM382 and NE532 


1. 10k//.0033CKT A 

2. 10k//39k + .0083 CKTB 

3. NE532 used as unity gain inverting amplifier for correlation only. 
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CONSTANT FLUX RESPONSE 

Equalization criteria discussed earlier has 
made reference to RIAA Equalization for 
plastic discs (records) and for NAB Equali¬ 
zation for magnetic tapes. The NAB charac¬ 
terization should be carried further to dis¬ 
cuss the Constant Flux Response. 

The earlier discussion encompassed the 
voltage gain (in dB) vs frequency response 
of NAB amplifiers. In this section we will 
deal with the Constant Flux Response. 

The Constant Flux Response accounts for 
the frequency characteristics of the record/ 
playback heads of the tape (or cassette) 
machine employed and the effects of tape 
speed on Standard NAB Constant Flux Re¬ 
sponse. 

Figure 8-56 indicates the circuitry for using 
two (2) IC’s for a NAB response amplifier. 
Specific care should be taken to terminate 
the input on/y when using a voltmeter. When 
using the magnetic head, the terminating 
resistor should be removed. 


NAB CONSTANT FLUX RESPONSE 
FOR IDEAL REPRODUCE AMPLIFIER 



20 100 1000 10000 20000 
FREQUENCY IN CYCLES PER SECOND 


Figure 8-56 


Frequency 

Response 

Frequency 

Response 

20Hz 

-8.6dB 

1.5kHz 

+0.9dB 

25 

7.0 

2 

1.45 

30 

5.8 

2.5 

2.1 

40 

4.1 

3 

2.75 

50 

3.0 

4 

4.1 

60 

2.3 

5 

5.4 

70 

1.8 

6 

6.6 

75 

1.6 

7 

7.7 

80 

1.4 

7.5 

8.2 

90 

1.2 

8 

8.6 

100 

1.0 

9 

9.5 

150 

0.45 

10 

10.35 

200 

0.2 

11 

11.1 

250 

0.1 

12 

11.8 

300 

-0.1 

13 

12.5 

400 

±0 

14 

13.1 

500 

+0.1 

15 

13.6 

600 

0.1 

16 

14.2 

700 

0.2 

17 

14.7 

750 

0.2 

18 

15.2 

800 

0.2 

19 

15.6 

900 

0.3 

20 

+16.1 

1kHz 

+0.4dB 




NOTES 

Reproducer amplifier output for a constant flux in the core of an ideal reproducing head. 
NAB Standard reproducing characteristics for 1 7/8 and 3 3/4 ips tape speeds. 


Frequency 

Response 

Frequency 

Response 

20Hz 

-8.8dB 

1.5kHz 

+2.2dB 

25 

7.2 

2 

3.4 

30 

5.9 

2.5 

4.6 

40 

4.2 

3 

5.7 

50 

3.2 

4 

7.7 

60 

2.4 

5 

9.4 

70 

1.9 

6 

10.8 

75 

1.7 

7 

12.1 

80 

1.6 

7.5 

12.6 

90 

1.3 

8 

13.2 

100 

1.1 

9 

14.15 

150 

0.6 

10 

15.0 

200 

0.4 

11 

15.8 

250 

0.2 

12 

16.6 

300 

0.15 

13 

17.2 

400 

±0 

14 

17.9 

500 

+0.1 

15 

18.5 

600 

0.3 

16 

19.0 

700 

0.5 

17 

19.6 

750 

0.55 

18 

20.0 

800 

0.6 

19 

20.5 

900 

0.8 

20 

+21.0 

1kHz 

+1.0dB 




NOTES 

Reproducer amplifier output for a constant flux in the core of an ideal reproducing head. 
NAB Standard reproducing characteristic for 7 1/2 and 15-ips tape speeds. 


Table 8-2 


Table 8-3 


Bionotics 


783 






Consumer Circuits 


NAB Standards 

According to the NAB Standard, an ideal 
magnetic reproducing system consists of 
an ideal reproducing head, lossless mag¬ 
netic ring, head gaps are short and straight, 
long wave length flux paths so controlled 
that no low frequency contours are present 
and head material losses are negligible. The 
system employs a reproducing amplifier 
whose voltage conforms to the frequency 
response of Fig. 8-55 with a constant flux vs 
frequency in the head core. Because of 
several reasons, the flux in the core of an 
ideal head is not necessarily the same as the 
surface flux on the tape. Since most of the 
above effects are not easily measured, the 
NAB Standard Is based on an ideal head- 
core flux, rather than surface induction. 


The voltage vs frequency curve is to be 
uniform with frequency except where modi¬ 
fied by the equalization time constants T1 & 
T2. The curve expressed in decibels is: 

(Equation 8-30) 


NdB = 20 loglO WTI* 


/ l + (WT2^ 
V 1 +{WT1)2 


where W = 27r f, with f in Hz. 


T1 & T2 are time constants given below: 


Tape Speed 

T1 

T2 

15 ips** 

aiSOjusec 

50 - /usec 

7.5 ips 

3180/Lisec 

50 - /xsec 

3.75 ips 

3180/usec 

90 - fisec 

1.875 ips 

3180)usec 

90 - /iisec 


Head Gap Losses: 

The approximate head-gap losses vs fre¬ 
quency may be calculated using the expres¬ 
sion: 


CASSETTE PREAMP LM387-1458 
CONSTANT FLUX RESPONSE 



20 


100 1000 10000 20000 
FREQUENCY IN CYCLES PER SECOND 


Figure 8-57 


TAPE PREAMP LM387 
CONSTANT FLUX RESPONSE 



20 too 1000 10000 20000 

FREQUENCY IN CYCLES PER SECOND 


NOTE 

Refer to schematic of 
Figure 13 

Figure 8-58 


(Equation 8-31) 


Gap loss = -20 LoglO 


Sin (180° d/\) 
ttCI/A 


where, 


d = the null wavelength, 

A = the wavelength of the frequency at which the 
gap is calculated. 

Null wavelength is determined by finding 
the recorded wavelength at which the 
reproducing-head output voltage reaches a 
distinct minimum of at least 20dB below 
maximum output. This measurement may 
be made using speeds of one-half and one- 
quarter the normal speed, using a tuned- 
voltmeter with no greater than one-third 
octave bandwidth. To reach a 20-dB null, 
the head gap edges must be sharp, straight, 
and parallel. 


NOTES 

*WT is; 

io = Omega 
T = Tau 

** ips = inches per second 


CASSETTE PREAMP LM382 & LM387 (NAB) 
CONSTANT FLUX RESPONSE 











FIGURE 14 


EVEL- 

BM 






CONSTANT FLUX 
RESPONSE 




• LM382 
■ LM387 NAB It 



20 100 1000 10000 20000 
FREQUENCY IN CYCLES PER SECOND 


NOTE 

Refer to schematic of 
Figure 14 & 15 

Figure 8-59 
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CASSETTE PREAMPS COMPARATIVE 
CONSTANT FLUX RESPONSE 


NOTE 




Figures 13 and 19 
_1_1 



FIGURE 

r 

9 




f FIGURE 13 

REF LEVEL 
-lOdBM INPUT 


0 

_ 


LM387-80 dB-PREAMP 

LM387-14580 PREAMP 




CONSTANT FLUX 
RESPONSE 



20 100 1000 10000 20000 


FREQUENCY IN CYCLES PER SECOND 

Figure 8-60 


FILTER 

BANDWIDTH 

f(Hz) 

IVrms 

2Vrms 

THD + NOISE 

No 

Pre-filter 

Left 

% 

Tf 

Right 

% 

HD 

Left 

% 

Right 

% 








Signal 

IVrms 

500 

400 

2500 

.28 

.28 

.29 

.27 

2.5% 

Ik 

900 

4k 

.28 

.26 

.32 

.28 

2.5% 

10k 

9900 

40k 

1.3 

1.4 

.68 

.7 

2.4% 


Test Conditions: Vcc = 12V 

ST1700A THD Analyser oscillator signal coupled to reproduce head through constant 
flux loop. Output signal fed back to ST1700 through Kronhite 3203 filter. 

Table 8-4 CASSETTE PREAMP THD’ 
MEASUREMENTS WITH REPRO HEAD 



125/xVrms 

245iuVrms 


(-76dBm) 

(-70dBm) 


input 

input 

Freq. Hz 

Left 

Right 

Left 

Right 

% 

% 

% 

% 

100 

.37 

.5 

.47 

.7 

500 

.35 

.35 

.19 

.23 

Ik 

.42 

.43 

.22 

.23 

5k 

.54 

.54 

.26 

.28 

10k 

.73 

.75 

.37 

.38 


Figure 8-63 


Test Conditions: 

Preamp input terminated in 600n. Signal fed from 
ST1700A Analyser to input. 

THD measured at output across lOkll load. 

Table 8-6 THD' MEASUREMENT 


INTEGRATED CIRCUITS FOR 
CITIZENS BAND TRANSCEIVERS 
Introduction 

Recent advancements in integrated circuits 
have made it possible to greatly simplify the 
design of citizens band transceivers. A com¬ 
plete multi-channel radio can be built using 
integrated circuits for all the required func¬ 
tions with the exception of the RF power 
output stage. A simplified block diagram of 
such a transceiver is shown in Figure 8-64. 


Freq 

(Hz) 

Output 


Left 

dBM 

Right 

dBM 

20 


-35 


40 

-27.5 

-26 


80 

-18 

-18 


100 

-16 

-16 


200 

-12 

-12 


400 

-10 

-10.5 


800 

-8 

-8 

“0” dB reference level 

Ik 

-7 

-7 

@ -lOdBm 

2k 

-2.5 

-2.2 


4k 

+2 

+3.2 


8k 

+8 

+9 


10k 

+9.5 

+10.8 


12k 

+11.2 

+11.8 


14k 

+12 

+12.3 


16k 

+12.6 

+12.5 


20k 

+13 

+13 



Test Conditions: 

HP651A Test Oscillator 600ohm output coupled through constant flux loop to reproduce 
head. Output recorded from preamp across 10k load ac. V.M. 

Table 8-5 CASSETTE PREAMP CONSTANT FLUX RESPONSE 


This applications report will further de¬ 
scribe a typical version of such a transceiver 
using several newly developed integrated 
circuits. 

The growing popularity of CB radio is mak¬ 
ing it necessary to improve the performance 
characteristics of the CB receiver. The 
crowded channel and noise problems inher¬ 
ent in this type of communication system 
demand high performance system design. A 
dual conversion receiver is desirable to aid 
in meeting this goal. 

RF AMPLIFIER/1ST MIXER 

The RF amplifier and 1st mixer used in this 
radio are implemented using an SD6000. 
The SD6000 is a dual enhancement mode 
MOSFET integrated RF amplifier/mixer in¬ 
tended for use up to 150MHz. The advan¬ 
tages of using MOSFETs in receiver “front 
end” designs have been realized for several 
years by manufacturers of FM and television 
tuners. Using a linear device such as a 
MOSFET, it is possible to achieve improve¬ 
ments in cross-modulation, inter¬ 
modulation distortion and in general a 
much wider dynamic range than possible 
using conventional bipolar transistors. 
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The SD6000 is ideally suited for this applica¬ 
tion for several reasons. The RF section is 
essentially a low noise, high gain dual gate 
MOSFET. The relatively high input imped¬ 
ance of this device makes it convenient to 
use high Q tuned circuits which reduce the 
possibility of out of band spurious re¬ 
sponses. The AGC range of the RF amplifier 
is greater than 50dB at 27MHz and because 
of the low parasitic capacitances associated 
with this device there is no skewing of the 
center frequency of the tuned circuits as a 
function of AGC voltages. The RF amplifier 
input circuit can be roughly approximated 
as shown below in Figure 8-65. 

L1 consists of 24 turns of #32 wire tapped 4 
turns from the ground side on a Micro- 
Metals T44-10 core. This gives an induct¬ 
ance of 1 .Qjjih (Xc = 2700 @ 27MHz) and an 
unloaded Q of 150. 


The input circuit can be further simplified as 
shown in Figure 8-66. 


INPUT CIRCUIT SIMPLIFIED 


1 

L 


: Cp ; 

< 

> Rp 


Figure 8-66 



Cp is made up of the D-MOS input, and a 
fixed parallel capacitor. The required Cp is 
given by 1 

Cp at 27MHz is therefore equal to 22pf. A 
portion of Cp is made tunable in this design. 
This would not be necessary in a design 
using a slug tuned inductor. It should be 
noted that the position of the tap is such that 
the reflected antenna impedance does not 
match the RF amplifier input impedance. 
This was done intentionally to improve the 
large signal (2Vrms) handling capability of 
this receiver. The MOS front end has suffi¬ 
cient gain to compensate for this loss. 


The bandwidth of the RF Input circuit can be 
found knowing the total parallel resistance 
(Rp) and parallel capacitance 

-3dB " 2^^ 

At 27MHz the RF input bandwidth is approx¬ 
imately 4MHz. In a more optimum design 
this could be made narrower by tapping the 
input coil closer to ground. 

The design of the RF output circuit is very 
similar to that of the input. The only differ¬ 
ence is a different value of fixed capacitance 
to take into account the RF amplifier output 
and mixer input capacitance. 
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Dual gate Signetics D-MOS transistors are 
exceptionally stable RF devices because of 
their low feedback capacitance (typically 
.02pf). This makes it possible to achieve 
high gain without the need for neutraliza¬ 
tion. Low feedback is also the reason for a 
wide dynamic AGC range. 

The second dual gate MOSFET is the 
SD6000 which is designed for mixer appli¬ 
cations. It is a relatively large geometry 
device with a wide square law region. This 
design overcomes the bias problems inher¬ 
ent in most MOSFETs when used as mixers. 
In other MOSFETs biasing in the square law 
region is only possible over a narrow range 
of drain current. In the SD6000 mixer the 
conversion gain is essentially constantfrom 
5 to 10mA drain current thus simplifying the 
bias circuit design. 

The 1st oscillator is injected into gate 2 and 
the RF signal into gate 1. Injecting the 
oscillator into gate 2 provides the highest 
Isolation between the oscillator and RF 
input. This isolation is important to prevent 
radiation of the oscillator signal through the 
receiver antenna. 

The mixer is biased to operate in the most 
linear portion of the forward transconduct¬ 
ance curves. Figures 8-67 and 8-68 show the 
transconductance curves for the SD6000 
are linear in a relatively wide operating 
region. Non-linearities in these curves indi¬ 
cate that third order (and higher) terms 
would be present if the device was biased in 
these regions. These higher order terms 
contribute only to undesired responses. As 
the transconductance curves become line¬ 
ar, the higher order terms disappear and 
conversion gain increases. Figure 8-67 
shows that the gate 1 transconductance 
curves is almost a straight line for gate 2 bias 
voltage between 2.0 and 6.0 volts. Figure 8- 
68 shows a linear region for gate 2 transcon¬ 
ductance with gate 1 bias from 2.5 to 3.5 
volts. 



Figure 8-68 


By definition the transconductance, gm is 
the partial derivative of drain current, id, 
with respect to the Input voltage es- The total 
drain current of the mixer can be expressed 
by 

id = gm1 Vgi + gm2 Vg 2 

where gml = transconductance gate 1 to drain. 
gm2 = tranconductance gate 2 to drain. 

From Figure 8-67 the gate 1 tranconduct¬ 
ance, gml can be expressed as: 

gm1 = -17.6 + 8.2 (Vg 2 + Vg 2 ) (mmhos) 
for Vg 2 = 2V to 6V 

From Figure 8-68 we get the following ex¬ 
pression for gm2 

gm2 = -23.7 + 10.2 (Vgi + Vgi) (mmhos) 
for Vgi = 2.5V to 3.5V 

If the dc bias points are chosen, for example 
Vgi =3.5 and Vg2=3.5, the following expres¬ 
sions are derived from gml and gm2 using 
the previous equations 

gm1 =11.1 + 8.2 Vg 2 (mmhos) 
gm2 = 8.9 + 10.2 Vgi (mmhos) 

Substituting these equations into the ex¬ 
pression for the total drain current, id, we 
get 

Id = 11.1 Vgi + 8.9 Vg2 + 18.4 Vgi Vg2 

The last term in this equation is the one that 
will contain the IFfrequency we desire. If we 
let Vgi and Vg 2 equal a sinusoidal voltage, 
Vgi Is the input signal voltage and Vg 2 Is the 
local oscillator, we obtain 

Vgi = Es sin COLO + cost 
Vg2 = ElO sin coLOt 

Substituting Vgi and Vg 2 into the equation 
for id gives 

id = 18.4 Es Elo 1 /2 cos (colo + tos)t + 1 /2 cos 
(coLO ~ tos)t 

The (ooLO - cos) term is the 10.7MHz IF we 


want. Dividing both sides of the equation by 
Es we obtain 

” = gmc = 9.2 Elo (peak) 

Es 

= 13 Elo (rms) mmhos 

This exercise shows that relatively high 
conversion gains can be achieved using the 
SD6000. It can be seen that the conversion 
transconductance will also be a function of 
the local oscillator level. 

In actual practice, good performance can be 
achieved with both gates biased at the same 
dc voltage. The bias voltage is chosen to 
give a drain current of 5 to 10mA. 

For bias stability, some form of dc feedback 
should be incorporated to reduce the drain 
current variations that would occur in pro¬ 
duction where variations in the device 
threshold voltages will be encountered. In 
the SD6000, the mixer and RF amplifier 
substrates and RF amplifier source are con¬ 
nected internally so precautions must be 
taken to assure that the RF amplifier source 
voltage is less than or equal to the mixer 
source voltage. In this design the RF ampli¬ 
fier source is grounded so it can never be 
positive with respect to the mixer source. 
Figure 8-69 shows a simplified bias circuit of 
the RF amplifier. 



This bias circuit provides dc feedback with¬ 
out using a source resistor. R3 is made large 
enough so that there is a significant voltage 
drop across it with normal operating drain 
current (10-15mA). This voltage drop means 
a lower drain to source voltage (Vos)- A 
lower Vds does not affect the RF amplifier 
gain since the transconductance is constant 
with Vds from 5 to 20 volts. If variations in 
threshold voltage were to cause a higher 
drain current, the voltage drop across R3 
would increase thereby decreasing the gate 
1 voltage derived from R1 and R2. This 
decreased gate 1 voltage tends to decrease 



GATE 2 - SOURCE (VOLTS) 

Figure 8-67 
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the drain current and will result in a stable 
operating point. 

The mixer is biased using the same tech¬ 
nique with the addition of a bypassed 
source resistor to provide even greater sta¬ 
bility. 

The mixer output is coupled through a 
10.7MHz IF transformer to a 10.7MHz crys¬ 
tal filter. The output of the filter Is terminat¬ 
ed with a 2.2k resistor In parallel with the 
TCA440 input {2K/5pf). 

1st IF/2nd Mlxer/2n IF 

A block diagram of the TCA440 Is shown in 
Figure 8-70. 

This Integrated circuit Is Intended for AM 
receivers up to 50MHz. It has several fea¬ 
tures making it well suited for citizens band 
receiver applications. The RF stage (in this 
case the 1st IF) is a differential amplifier with 
an AGC control range of approximately 
38dB. Its output is Internally coupled to a 
mulitpllcative push-pull mixer (balanced). 
This mixer produces few harmonics and 
provides suppression of the RF and oscilla¬ 
tor frequencies. The internal oscillator fre- 
quervcy is fixed at 10.245MHz by a parallel 
resonant crystal. This gives a mixer output 
frequency of 455kHz for the 2nd IF. 

The mixer output is filtered by a single tuned 
IF transformer, ceramic filter, and a second 
single tuned transformer and applied to the 
4 stage 2nd IF amplifier in the TCA440. This 
2nd IF has an AGC control range of 62dB. 
The two Independent AGC control loops in 
the TCA440 provide a very wide operating 
dynamic range (lOOdB). Although a 455kHz 
2nd IF frequency is used in this design, the 
TCA440 IF stages will operate from 0 to 
2MHz. 

Audio Processing 

The circuit shown in Figure 8-71 shows how 
the NE571 may be used as a dc volume 
control. The frequency response of the 
circuit is approximately 300Hz to 3kHz and 
the dynamic control range is greater than 
60dB. Figure 8-72 shows the dc control volt¬ 
age vs gain. 

The output of the NE571 dc volume control 
drives a TBA810S audio power amplifier. 
The TBA 810 provides a 6 watt (@ 14.4V 4n) 
output with low harmonic and cross-over 
distortion. In addition, the circuit has a 
thermal limiting circuit which simplifies the 
heat sink design. 

Frequency Synthesizer 

The purpose of the frequency synthesizer is 
to provide the necessary signals to drive the 
receiver’s first mixer, second mixer, and 
transmitter power amplifier. In a 40 channel, 



NE571 DC VOLUME CONTROL 


33K 39K 



dual conversion CB transceiver, it is neces¬ 
sary to generate 81 discrete frequencies. By 
using phase locked loop frequency synthe¬ 
sis, this can be accomplished using only 
one crystal. 

The SM5104/5/7/9 is a “first generation” C- 
MOS Integrated circuit synthesizer. A block 
diagram of the SM5104 is shown in Figure 8- 
73. 

This circuit operates from a single power 
supply using low power CMOS technology. 
It contains a reference oscillator, a 28 or 29 
divider chain, a binary input programmable 
divider, and phase detector circuits. 

There are several ways this circuit can be 
used in the transceivers. The methods de¬ 
scribed here will be limited to dual conver¬ 
sion systems using 10.695MHz 1st IF and 
455kHz 2nd IF. These frequencies were 
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chosen because low cost filters are readily 
available. A simplified block diagram of a 
CB transceiver is shown in Figure 8-74. 

The basic frequency synthesizer using a 
PLL is shown in Figure 8-74. 

In this circuit, the output frequency is an 
integer multiple of the reference frequency, 
(fout = N fref). This is the simplest form the 
loop can assume but in most cases, not the 
most practical. The major problem with this 
type of PLL is that the programmable coun¬ 
ters must operate at the output frequency (in 
the CB case, up to 27MHz). There are sever¬ 
al commonly used methods to lower the 
frequency into the programmable counter. 

Frequencysynthesis by prescaling is shown 
in Figure 8-76. 

In this system, the frequency into the pro¬ 
grammable counter is lowered by a factor of 
P. The disadvantage of this system is that 
the reference frequency must also be pres¬ 
caled by the factor P. This lowers the “effec¬ 
tive” reference frequency and slows the 
loop response. 

Frequency synthesis by 2 modulus prescal¬ 
ing solves the problem of high program¬ 
mable divider frequency and slow loop re¬ 
sponse but requires more complex logic in 
addition to a high frequency 2 modulus 
divider. The cost of this system is slightly 
greater than that of Figure 8-76 but the 
performance is equal to that of Figure 8-75. 
A block diagram of this system is shown in 
Figure 8-77. 

The most common synthesizer configura¬ 
tion used in CB transceivers is prescaling by 
mixing down. This method is shown below 
in Figure 8-78. 

This system offers the optimum perform¬ 
ance but requires a second stable fre¬ 
quency source for mixing down. This sys¬ 
tem can be easily implemented using the 
SM5104. The system block diagram is 
shown in Figure 8-79. 

This is a practical circuit configuration but 
has several minor disadvantages. The major 
problems are that it requires four external 
active tuned circuits, the x3 multiplier, offset 
mixer, transmit offset oscillator and mixer. It 
also requires the use of 2 crystals. Despite 
these drawbacks, this general configuration 
is widely used in currently available CB 
transceivers. 

With the Introduction of “second genera¬ 
tion” synthesizers such as the NE575, many 
of the previously described shortcomings 
are resolved. The NE575 will generate the 
required frequencies for a dual or single 
conversion CB transceiver using only one 
crystal. Figure 8-80 shows the functional 
block diagram of the NE575. 
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SYNTHESIS BY 2 MODULUS 
PRESCALING 



Figure 8-77 


SYNTHESIS BY MIXING DOWN 



Figure 8-78 


CB SYNTHESIZER USING 
SM5104 


REFERENCE OSCILLATOR 
(TO 2ND MIXER) 


LOCK DETECTOR 
OUTPUT 



Figure 8-79 


Audio Compressor 

The purpose of the transmit audio com¬ 
pressor is to amplify the signal from the 
microphone to the level required to drive the 
modulator. It also provides an automatic 
level control (ALC) circuit. The ALC circuit 
has a transfer function which makes its 
output voltage constant with a wide range of 
input levels. It is generally desirable to have 
an audio compressor which provides an 
output level which drives the modulator to 
close to 100% modulation with very low 
input levels and does not exceed 100% with 
large inputs. 

There are two major overmodulation prob¬ 
lems that show up in many CB transceivers 
currently available. One is the audio com¬ 
pressor’s ability to handle a wide dynamic 
range of microphone input levels. The cur¬ 
rent popularity of “power mlcs” makes it 
necessary for the compressor to limit the 
modulation Index to less than 100% with 
very large inputs. The second overmodula¬ 
tion problem that may arise relates to the 
audio compressor’s attach time. Active 
compressor circuits take a finite time to 
respond to a sudden change in Input level. 

The NE571 provides an economical solution 
to the above mentioned problems. Figure 8- 
81 shows how this ALC circuit may be im¬ 
plemented. 

The gain of this circuit is 
R1 R2 Ib 

” 2R3 ViN (AVG) where I3 = 140)uA 

and_y!ri_ = _!L_ 

ViN (AVG) 2y/2 
for sine waves 

Rx is included to limit the maximum gain of 
the compressor. This Is to prevent high 
modulation levels at very low input levels 
(such as background noise). The maximum 
gain 


Kmax = 


R1 + Rx 
1.8 


X R2 X Ib 


2R3 


The output voltage may be set to the desired 
level 


R1 R2 Ib Vin 
2R3 Vin (AVG) 


The other important design equations for 
this circuit are: 


1 

II 

III 


ALC time constant (r = R1 x Cnect) 
•Vf 1KHz 

Distortion =--x —- x 2% 

CRect freq 


Vout (dc) 


= [l 1.8V 
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NE575 FUNCTIONAL 
BLOCK DIAGRAM 


BUFFER 



Transmit RF 

Development work is currently taking place 
to try and solve some of the typical prob¬ 
lems encountered in the RF section of CB 
transceivers. The major emphasis is to¬ 
wards reducing the cost of the output cir¬ 
cuitry (elimination of the modulation trans¬ 
former) and reduce spurious outputs. 

The transmit oscillator signal, generated by 
the PLL, will drive a low level FET modula¬ 
tor. The modulator output then drives a 
linear RF power amplifier. The RF power 
amplifier will be implemented using a power 
D-MOS FET. The advantages of a MOSFET 
power amplifier are high transconductance, 
no thermal run-away, no second break¬ 
down, and reduction in harmonic output. 

Detailed information on this section of the 
CB transceiver will be made available as 
soon as the development work is complet¬ 
ed. 


NE571 ALC CIRCUIT 



1.8 V 


Figure 8-81 
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RF INPUT vs S + N, THD, AUDIO 
CB RECEIVER TCA440/SD600 
RF INPUT 26.965MHz 1KHz 50%MOD 


AGC vs RF INPUT 
CB RECEIVER TCA440/SD600 
RF INPUT 26.965MHz 1KHz 50%MOD 



I NOISE 

10K 100K 1M 


RF INPUT (mVRMS) 

Figure 8-84 



0.1 1.0 10 100 IK 10K 100K 1M 

RE INPUT (mVRMS) 


Figure 8-85 


CB RADIO 


1ST LO AGC 1.8V REF 

GND IN 

^ s . 




(SQUELCH POT) 



i t 






I T 


‘ , ‘ 

10K 

i 


AUDIO OUT 
•— GND 


LI 24T #26 on T44-10 core, tap 3T from GND 
L2 24T #26 on T44-10 core, tap 6T from +V 
T1 533-3652-03 Camrion, green core 
PR1 30T #26, sec 8T #26 
T2 Toko CFT 006H 455kHz 
T3 TokoA2549 


*15p, XTAL, & jumper wire with 510 omitted makes 
optional built in OSC. (See schematic) 


Figure 8-86 
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INTRODUCTION 

Much interest has been expressed in high 
performance electronic gain control cir¬ 
cuits. For non-critical applications, an inte¬ 
grated circuit operational transconduct¬ 
ance amplifier can be used, but when high 
performance is required, one has to resort 
to complex discrete circuitry with many 
expensive, well matched components. This 
paper describes a new integrated circuit, 
the NE570 Compandor, which offers a pair 
of high performance gain control circuits 
featuring low distortion (<.1%), high signal 
to noise ratio (90dB), and wide dynamic 
range (110dB). 

CIRCUIT BACKGROUND 

The NE570 Compandor was specifically 
designed to satisfy the requirements of the 
telephone system. When several telephone 
channels are multiplexed onto a common 
line, the resulting signal to noise ratio is 
poor and companding is used to allow a 
wider dynamic range to be passed through 
the channel. Figure 8-89 graphically shows 
what a compandor can do for the signal to 
noise ratio of a restricted dynamic range 
channel. The input level range of +20 to 
-80dB is shown undergoing a 2 to 1 com¬ 
pression where a 2dB input level change is 
compressed into a 1dB output level change 
by the compressor. The original lOOdB of 
dynamic range is thus compressed to a 
50dB range for transmission through a re¬ 
stricted dynamic range channel. A comple¬ 
mentary expansion on the receiving end 
restores the original signal levels and re¬ 
duces the channel noise by as much as 
45dB. 

The significant circuits in a compressor or 
expandor are the rectifier and the gain con¬ 
trol element. The phone system requires a 
simple full wave averaging rectifier with 
good accuracy, since the rectifier accuracy 
determines the (input) output level tracking 
accuracy. The gain cell determines the dis¬ 
tortion and noise characteristics, and the 
phone system specifications here are very 
loose. These specs could have been met 
with a simple operational transconductance 
multiplier, or OTA, but the gain of an OTA is 
proportional to temperature and this is very 
undesirable. Therefore, a linearized trans¬ 
conductance multiplier was designed which 
is insensitive to temperature and offers low 
noise and low distortion performance. It is 
hoped that these features will make the 
circuit as widely used in audio systems as it 
will be in telecommunications systems. 

BASIC CIRCUIT HOOKUP 
AND OPERATION 

Figure 8-90 shows the block diagram of one 
half of the chip (there are two identical 


channels on the I.C.). The full wave averag¬ 
ing rectifier provides a gain control current, 
Ig, for the variable gain (AG) cell. The output 
of the AG cell is a current which is fed to the 
summing node of the operational amplifier. 
Resistors are provided to establish circuit 
gain and set the output dc bias. 



CHIP BLOCK DIAGRAM 
(1 OF 2 CHANNELS) 

THD TRIM R, INV. IN 



Crect 


Figure 8-90 


The circuit is intended for use in single 
power supply systems, so the Internal sum¬ 
ming nodes must be biased at some voltage 
above ground. An internal band gap voltage 
reference provides a very stable, low noise 
1.8 volt reference denoted Vref- The non- 
inverting input of the op amp is tied to Vref, 
and the summing nodes of the rectifier and 
AG cell (located, at the right, of Ri and R 2 ) 
have the same potential. TheTHD trim pin is 
also at the Vref potential. 

Figure 8-91 shows how the circuit is hooked 
up to realize an expandor. The input signal, 
Vin, is applied to the inputs of both the 
rectifier arid the AG cell. When the input 
signal drops by 6dB, the gain control cur¬ 
rent will drop by a factor of 2, and so the gain 
will drop 6dB. The output level at Vout will 
thus drop 12dB, giving us the desired 2 to 1 
expansion. 

Figure 8-92 shows the hookup for a com¬ 
pressor. This is essentially an expandor 
placed in the feedback loop of the op amp. 
The AG cell is set up to provide ac feedback 
only, so a separate dc feedback loop is 
provided by the two Rdc and Cdc- The values 
of Rdc will determine the dc bias at the 
output of the op amp. The output will bias to: 

Vo„ dc = 1 + Vre, = 1 .8V 

The output of the expandor will bias up to: 
Rs ( 20K 1 

Vou, dc =1 + -Vre, =(^1 + 30 j^ y 1.8V = 3.0V 

The output will bias to 3.0V when the inter¬ 
nal resistors are used. External resistors 
may be placed in series with R 3 , (which will 
affect the gain), or in parallel with R 4 to raise 
the dc bias to any desired value. 


BASIC EXPANDOR 


R3 



Ib = 140/iA 

‘external components Figure 8-91 
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CIRCUIT DETAILS-RECTIFIER 

Figure 8-93 shows the concept behind the 
full wave averaging rectifier. The input cur¬ 
rent to the summing node of the op amp, 
Vin/Ri, is supplied by the output of the op 
amp. If we can mirror the op amp output 
current into a unipolar current, we will have 
an ideal rectifier. The output current is 
averaged by Rs, Cr, which set the averaging 
time constant, and then mirrored with a gain 
of 2 to become Ig, the gain control current. 



Figure 8-94 shows the rectifier circuit in 
more detail. The op amp is a one stage op 
amp, biased so that only one output device 
is on at a time. The non-inverting input, (the 
base of Qi), which is shown grounded, is 
actually tied to the internal 1.8V Vref- The 
inverting input is tied to the op amp output, 
(the emitters of Qs and Qe), and the input 
summing resistor Ri. The single diode be¬ 



tween the bases of Qs and Qe assures that 
only one device is on at a time. To detect the 
output current of the op amp, we simply use 
the collector currents of the output devices 
Qs and Qe. Qe will conduct when the input 
swings positive and Qs conducts when the 
input swings negative. The collector cur¬ 
rents will be in error by the a of Qs or Qe on 
negative or positive signal swings, respec¬ 
tively. IC’s such as this have typical npn /8’s 
of 200 and pnp /8’s of 40. The as of .995 and 
.975 will produce errors of .5% on negative 
swings and 2.5% on positive swings. The 
1.5% average of these errors yields a mere 
-13dB gain error. 

At very low input signal levels the bias 
current of Q 2 , (typically 50nA), will become 
significant as it must be supplied by Qs. 
Another low level error can be caused by dc 
coupling into the rectifier. If an offset vol¬ 
tage exists between the Vjn input pin and the 
base of Q 2 , an error current of Vos/Ri will be 
generated. A mere Imv of offset will cause 
an input current of lOOnA which will pro¬ 
duce twice the error of the input bias cur¬ 
rent. For highest accuracy, the rectifier 
should be coupled into capacitively. At high 
input levels the /8 of the pnp Qe will begin to 
suffer, and there will be an increasing error 
until the circuit saturates. Saturation can be 
avoided by limiting the current Into the 
rectifier input to 250/uA. If necessary, an 
external resistor may be placed in series 
with Ri to limit the current to this value. 
Figure 8-95 shows the rectifier accuracy 
vs input level at a frequency of 1kHz. 

At very high frequencies, the response of 
the rectifier will fall off. The rolloff will be 
more pronounced at lower input levels due 
to the increasing amount of gain required to 
switch between Qs or Qe conducting. The 


rectifier frequency response for input levels 
of OdBm, -20dBm, and -40dBm is shown in 
Figure 8-96 The response at all three levels 
Is flat to well above the audio range. 
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SIMPLIFIED AG CELL SCHEMATIC 


Ig 

l0UT= — IlN 


= »G ViN 
I2R2 


Figure 8-97 



VARIABLE GAIN CELL 

Figure 8-97 is a diagram of the variable gain 
cell. This is a linearized tv^o quadrant trans¬ 
conductance multiplieri.2. Qi, Q 2 and the 
op amp provide a predistorted drive signal 
for the gain control pair, Q 3 , Q 4 . The gain is 
controlled by Iq and a current mirror pro¬ 
vides the output current. 

The op amp maintains the base and collec¬ 
tor of Qi at ground potential (Vref) by con¬ 
trolling the base of Q 2 . The input current lin 
(= Vin/R 2 ) is thus forced to flow through Qi 
along with the current h, so lci = h +lin. 
Since I 2 has been set at twice the value of h, 
the current through Q 2 is l 2 -ni+rin) = li-lin = 
Ic 2 . The op amp has thus forced a linear 
current swing between Qi and Q 2 , by pro¬ 
viding the proper drive to the base of Q 2 . 
This drive signal will be linear for small 
signals, but very non-linear for large sig¬ 
nals, since it is compensating for the non¬ 
linearity of the differential pair Qi, Q 2 under 
large signal conditions. 

The key to the circuit Is that this same 
predistorted drive signal is applied to the 
gain control pair Q 3 and Q 4 . When two 
differential pairs of transistors have the 
same signal applied, their collector current 
ratios will be identical, regardless of the 
magnitude of the currents. This gives us: 

lci _ IC4 _ h+lin 

IC2 IC3 ll-lin 

plus the relationships Ig = Ic 3 = Ic 4 and lout - 
= IC4-lc3 will yield the multiplier transfer 
function, 

_ Ig _ Vin Ig 

lout — — lin-— 

h R2 h 

this equation is linear and temperature in¬ 
sensitive, but it assumes ideal transistors. 

If the transistors are not perfectly matched, 
a parabolic, non-linearity is generated, 
which results in 2nd harmonic distortion. 
Figure 8-98 gives an indication of the 
magnitude of the distortion caused by a 
given input level and offset voltage. The 
distortion is linearly proportional to the 
magnitude of the offset and the input level. 
Saturation of the gain cell occurs at a 
+8dBm level. At a nominal operating level of 
OdBm, a 1mv offset will yield .34% of second 
harmonic distortion. Most circuits are 
somewhat better than this, which means our 
overall offsets are typically about 1/2mv. 
The distortion is not affected by the magni¬ 
tude of the gain control current, and it does 
not increase as the gain is changed. This 
second harmonic distortion could be elimi¬ 
nated by making perfect transistors, but 
since that would be difficult, we have had to 
resort to other methods. A trim pin has been 


provided to allow trimming of the internal 
offsets to zero, which effectively eliminated 
second harmonic distortion. Figure 8-99 
shows the simple trim network required. 


AG CELL DISTORTrON 
vs OFFSET VOLTAGE 



Figure 8-98 


THD TRIM NETWORK 
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Figure 8-99 



Figure 8-100 shows the noise performance 
of the AG cell. The maximum output level 
before clipping occurs in the gain cell is 
plotted along with the output noise in a 
20kHz bandwidth. Note that the noise drops 
as the gain is reduced for the first 20dB of 
gain reduction. At high gains, the signal to 
noise ratio is 90dB, and the total dynamic 
range from maximum signal to minimum 
noise is IIOdB. 

Control signal feed-through is generated In 
the gain cell by imperfect device matching 
and mismatches in the current sources h 
and I 2 . When no input signal is present, 
changing Ig will cause a small output signal. 
The distortion trim is effective in nulling out 
any control signal feed-through, but in gen¬ 
eral, the null for minimum feed-through will 
be different than the null In distortion. The 
control signal feed-through can be trimmed 
Independently of distortion by tying a cur¬ 
rent source to the AG input pin. This effec¬ 
tively trims h. Figure 8-101 shows such a 
trim network. 
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Figure 8-101 


OPERATIONAL AMPLIFIER 

The main op amp shown in the chip block 
diagram is equivalent to a 741 with a 1MHz 
bandwidth. Figure 8-102 shows the basic 
circuit. Split collectors are used in the input 
pair to reduce gm, so that a small compensa¬ 
tion capacitor of just 10pf may be used. The 
output stage, although capable of output 
currents in excess of 20mA., is biased for a 
low quiescent current to conserve power. 
When driving heavy loads, this leads to a 
small amount of crossover distortion. 


OPERATIONAL AMPLIFIER 



RESISTORS 

Inspection of the gain equations in Figure 8- 
91 and 8-92 will show that the basic com¬ 
pressor and expander circuit gains may be 
set entirely by resistor ratios and the inter¬ 
nal voltage reference. Thus, any form of 
resistors that match well would suffice for 
these simple hookups, and absolute accura¬ 
cy and temperature coefficient would be of 
no importance. However, as one starts to 
modify the gain equation with external re¬ 
sistors, the internal resistor accuracy and 
tempco become very significant. Figure 8- 
103 shows the effects of the temperature on 
the diffused resistors which are normally 
used in integrated circuits, and the ion 
implanted resistors which are used in this 
circuit. Over the critical 0°C to 70°C tem¬ 
perature range, there is a 10 to 1 improve¬ 


ment in drift from a 5% charge for the dif¬ 
fused resistors, to a .5% change for the 
implemented resistors. The implanted resis¬ 
tors have another advantage in that they can 
be made 1/7 the size of the diffused resis¬ 
tors due to the higher resistivity. This saves 
a significant amount of chip area. 



The maximum input that can be handled by 
the circuit in Figure 8-104 is a peak of 3V. 
The rectifier input current can be as large as 
I = 3V/Ri = 3V/10K = 300 mA. The AG cell 
input current should be limited to I = 
2 . 8 V/R 2 = 2.8V/20K = 140mA. If it is neces¬ 
sary to handle larger input voltages than 0 ± 
2.8V pk, external resistors should be placed 
in series with Ri and R 2 to limit the input 
current to the above values. 

Figure 8-104 shows a pair of input capac¬ 
itors Cini and Cin2. It is not necessary to use 
both capacitors if low level tracking accura¬ 
cy is not important. If Ri and R2 are tied 
together and share a common capacitor, a 
small current will flow between the AG cell 
summing node and the rectifier summing 
node due to offset voltages. This current will 
produce an error in the gain control signal at 
low levels, degrading tracking accuracy. 

The output of the expander is biased up to 
3V by the dc gain provided by R 3 , R 4 . The 
output will bias up to 


APPLICATIONS 

The following circuits will illustrate some of 
the wide variety of applications for the 
NE570. 


BASIC EXPANDOR 

Figure 8-104 shows how the circuit would 
be hooked up for use as an expander. Both 
the rectifier and the AG cell inputs are tied to 
Vin so that the gain is proportional to the 
average value of (Vin). Thus, when Vin falls 
6dB, the gain drops 6dB and the output 
drops 12dB. The exact expression for the 
gain is 


2 R3 Vin (ave) 
Gain exp. = - 

Ri R2 Ib 


Ib = 140/iA 


Vout dc = (1 + - ) Vref 

R4 

For supply voltages higher than 6V, R 4 can 
be shunted with an external resistor to bias 
the output up to V 2 VCC. 

Note that it is possible to externally increase 
Ri, R 2 , and R 3 , and to decrease R 3 and R 4 . 
This allows a great deal of flexibility in 
setting up system levels. If larger input 
signalsare to be handled, Ri and R 2 may be 
increased: if a larger output is required, R 3 
may be increased. To obtain the largest 
dynamic range out of this circuit, the rectifi¬ 
er input should always be as large as possi¬ 
ble (subject to the ±300/xA peak current 
restriction). 


BASIC EXPANDOR 




CINI Rj 


CIN2 R, 


AG 

J 


- U 

- 1 




Figure 8-104 
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BASIC COMPRESSOR 

Figure 8-105 shows how to use the 
NE570/571 as a compressor. It functions as 
an expandor in the feedback loop of an op 
amp. If the input rises 6dB, the output can 
rise only 3dB. The 3dB increase in output 
level produces a 3dB increase in the gain in 
the AG cell, yielding a 6dB increase in 
feedback current to the summing node. 
Exact expression for gain is 



The same restrictions for the rectifier and 
AG cell maximum input current still hold, 
which place a limit on the maximum com¬ 
pressor output. As in the expandor, the 
rectifier and AG cell inputs could be made 
common to save a capacitor, but low level 
tracking accuracy would suffer. Since there 
is no dc feedback path around the op amp 
through the AG cell, one must be provided 
externally. The pair of resistors Rdc and the 
capacitor Cdc must be provided. The op 
amp output will bias up to 

2 Rdc 

Voutdc = (1-f -)Vref 

R 4 

For the largest dynamic range, the com¬ 
pressor output should be as large as possi¬ 
ble so that the rectifier input is as large as 
possible (subject to the ±300/xA peak cur¬ 
rent restriction). If the input signal is small, a 
large output can be produced by reducing 
R 3 with the attendant decrease in input 
impedance, or by increasing Ri or R 2 . It 
would be best to increase R 2 rather than Ri 
so that the rectifier input current is not re¬ 
duced. 

DISTORTION TRIM 

Distortion can be produced by voltage off¬ 
sets in the AG cell. The distortion is mainly 
even harmonics, and drops with decreasing 


input signal. (Input signal meaning the cur¬ 
rent into the AG cell.)TheTHD trim terminal 
provides a means for trimming out the offset 
voltages and thus trimming out the distor¬ 
tion. The circuit shown in Figure 8-106 is 
suitable, as would be any other capable of 
delivering ±30iuA into lOOa resistor tied to 
1.8V. 



LOW LEVEL MISTRACKING 

The compandor will follow a 2 to 1 tracking 
ratio down to very low levels. The rectifier is 
responsible for errors in gain, and it is the 
rectifier input bias current of <100na that 
produces errors at low levels. The magni¬ 
tude of the error can be estimated. For a full 
scale rectifier input signal of ±200)uA, the 
average input current will be 127/uA. When 
the input signal level drops to a VA aver¬ 
age, the bias current will produce a 10% or 
IdB error in gain. This will occur at 42dB 
below the maximum input level. 

It is possible to deviate from the 2 to 1 
transfer characteristic at low levels as 
shown in the circuit of Figure 8-107. Either 


Raor Rb, (but not both), is required. The 
voltage on Greet is 2xVbe plus Vjn ave. For 
low level Inputs Vin ave is negligible, so we 
can assume 1.3V as the bias on Greet- If Ra is 
placed from Greet to gnd we will bleed off a 
current I = 1.3V/Ra. If the rectifier average 
Input current is less than this value, there 
will be no gain control input to the AG cell, 
so that its gain will be zero and the expandor 
output will be zero. As the input level is 
raised, the input currentwill exceed 1.3V/Ra 
and the expandor output will become active. 
For large input signals, Ra will have little 
effect. The result of this is that we will 
deviate from the 2 to 1 expansion, present at 
high levels, to an infinite expansion at low 
levels where the output shuts off complete¬ 
ly. Figure 8-108 shows some examples of 
tracking curves which can be obtained. 
Gomplementary curves would be obtained 
for a compressor, where at low level signals 
the result would be infinite compression. 
The bleed current through Ra will be a 
function of temperature because of the two 
Vbe drops, so the low level tracking will drift 
with temperature. If a negative supply is 
available, it would be desirable to tie Ra to 
that, rather than ground, and to increase its 
value accordingly. The bleed current will 
then be less sensitive to the Vbe temperature 
drift. 

Rb will supply an extra current to the rectifi¬ 
er equal to (Vec -1.3V)Rb. In this case, the 
expandor transfer characteristic will deviate 
towards 1 to 1 at low levels. At low levels the 
expandor gain will stop dropping and the 
expansion will cease. In a compressor this 
would lead to a lack of compression at low 
levels. Figure 8-109 shows some typical 
transfer curves. An Rb value of approxi¬ 
mately 2.5Meg would trim the low level 
tracking so as to match the Bell system N2 
trunk compandor characteristic. 
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MISTRACKING WITH Ra 



-40 -30 -20 -10 0 +10 

INPUT LEVEL dB 

Figure 8-108 


MISTRACKING WITH Rb 



-50 -40 -30 -20 -10 0 +10 

INPUT LEVELdB 

Figure 8-109 

RECTIFIER BIAS CURRENT 
CANCELLATION 

The rectifier has an input bias current of 
between 50 and lOOnA.This limits the dy¬ 
namic range of the rectifier to about 60dB. It 
also limits the amount of attenuation of the 
AG cell. The rectifier dynamic range may be 
increased by about 20dB by the bias current 
trim network shown in Figure 8-110 Figure 
8-111 shows the rectifier performance with 
and without current cancellation. 

ATTACK AND DECAY TIME 

The attack and decay times of the compan¬ 
dor are determined by the rectifierfiltertime 
constant lOKxCrect- Figure 8-112 shows 
how the gain will change when the input 
signal undergoes a 10, 20, or 30dB change 
in level. 


RECTIFIER BIAS CURRENT 

COMPENSATION 

1 

5V 

< 

► 

* 330K 


1 -;3.6V 

10MEG ^ 

► 

0 -Wv- 

> 100K 

> 

TO RECTIFIER 1 


INPUT 


PIN 2 OR 15 


Figure 8-110 



RECTIFIER PERFORMANCE WITH 
lb COMPENSATION 



WITHOUT 
lb COMP. 


WITH 
lb COMP. 


Figure 8-111 


The attack time is much faster than the 
decay, which is desirable in most applica¬ 
tions. Figure 8-113 shows the compressor 
attack envelope for a +12dB step in input 
level. The initial output level of 1 unit in¬ 
stantaneously rises to 4 units, and then 
starts to fall towards its final value of 2 units. 
The CCITT recommendation on attack and 
decay times for telephone system compan¬ 
dors, defines the attack time as when the 
envelope has fallen to a level of 3 units, 
corresponding to t = .15 in the figure. The 
CCITT recommends an attack time of 3± 
2rTis, which suggests an RC product of 
20ms. Figure 8-114 shows the compressor 
output envelope when the Input level Is 
suddenly reduced 12dB. The output, initial¬ 
ly at a level of 4 units, drops 12dB to 1 unit 
and then rises to its final value of 2 units. The 
CCITT defines release time as when the 
output has risen to 1.5 units, and suggests a 
value of 13.5 ± 9ms. This corresponds to t = 
.675 in the figure, which gain suggests a 
20ms RC product. Since Ri = 10K, the 
CCITT recommendations will be met if Crect 
-2Mf. 


will appear on the gain control line and 
produce distortion. As a rule, a Vf Crect will 
produce .2% distortion at 1kHz. The distor¬ 
tion is inversely proportional to both fre¬ 
quency and capacitance. Thus, for tele¬ 
phone applications where Crect = the 
ripple would cause .1% distortion at 1kHz 
and .33% at 300hz. The low frequency dis¬ 
tortion generated by a compressor would be 
cancelled (or undistorted) by an expander, 
providing that they have the same value of 
Crect- 



COMPRESSOR ATTACK ENVELOPE 
+12dB STEP 



TIME CONSTANTS = 10K C recT 


Figure 8-113 



There is a trade off between fast response 
and low distortion. If a small Crect is used to 
get very fast attack and decay, some ripple 
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FAST ATTACK, SLOW 
RELEASE HARD LIMITER 

The NE570/571 can be easily used to make 
an excellent limiter. Figure 8-115 shows a 
typical circuit which requires 1/2 of an 
NE570/571, 1/2 of an LM339 quad compara¬ 
tor, and a pnp transistor. For small signals, 
the AG cell is nearly off, and the circuit runs 
at unity gain as set by Rs, R?. When the 
output signal tries to exceed a + or - 1 volt 
peak, a comparator threshold Is exceeded. 
The pnp is turned on and rapidly charges C 4 
which activates the AG cell. Negative feed¬ 
back through the AG cell reduces the gain, 
and the output signal level. The attack time 
is set by the RC product of R 18 and C 4 , and 
the release time is determined by C 4 and the 
internal rectifier resistor, which is 10K. The 
circuit shown attacks in less than 1ms and 
has a release time constant of 100ms. Rg 
trickles about .7/xA through the rectifier to 
prevent C 4 from becoming completely dis¬ 
charged. The gain cell is activated when the 
voltage on pin 1 or 16 exceeds two diode 
drops. If C 4 were allowed to completely 
discharge, there would be a slight delay 
before it recharged to > 1.2V and activated 
limiting action. 

A stereo limiter can be built out of 1 
NE570/571, 1 LM339 and two pnp transis¬ 
tors. The resistor networks R 12 , R 13 and R 14 , 
Ri 5 , which set the limiting thresholds, could 
be common between channels. To gang the 
stereo channels together (limiting in one 
channel will produce a corresponding gain 


change in the second channel to maintain 
the balance of the stereo image), then pins 1 
and 16 should be jumpered together. The 
outputs of all 4 comparators may then be 
tied together, and only one pnp transistor 
and one capacitor C 4 need be used. The 
release time will then be the product 5KxC4 
since two channels are being supplied cur¬ 
rent from C 4 . 

USE OF EXTERNAL OP AMP 

The operational amplifiers in the NE570/571 
is not adequate for some applications. The 
slew rate, bandwidth, noise, and output 
drive capability can limit performance in 
many systems. For best performance, an 
external op amp can be used. The external 
op amp may be powered by bipolar supplies 
for a larger output swing. 

Figure 8-116 shows how an external op amp 
may be connected. The non-inverting input 
must be biased at about 1.8V. This is easily 
accomplished by tying it to either pin 8 or 9, 
the THD trim pins, since these pins sit at 
1.8V. An optional RC decoupling network is 
shown which will filter out the noise from 
the NE570/571 reference (typically about 
lO/iV in 20kHz BW). The inverting input of 
the external op amp is tied to the inverting 
input of the Internal op amp. The output of 
the external op amp is then used, with the 
Internal op amp output left to float. If the 
external op amp is used single supply, 
(+Vcc and ground). It must have an Input 
common mode range down to less than 
1.8V. 


USE OF EXTERNAL OP AMP 



N2 COMPANDOR 

There are four primary considerations in¬ 
volved in the application of the NE570/571 
in an N2 compandor. These are matching of 
input and output levels, accurate 6000 input 
and output impedances, conformance to 
the Bell system low level tracking curve, and 
proper attack and release times. 

Figure 8-117 shows the implementation of 
an N2 compressor. The input level of .245V 
rms is stepped up to 1.41Vrms by the 
6000:20KO matching transformer. The 20K 
input resistor properly terminates the trans¬ 
former. An internal 20KO resistor (R 3 ) is 
provided, but for accurate impedance termi¬ 
nation an external resistor should be used. 
The output impedance is provided by the 4K 
output resistor and the 4KO: 6000 output 
transformer. The .275V RMS output level 
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+15V Pin 13 
GND Pin 4 

Ri, R 2 , R 4 are internal to the NE570/571. Figure 8-115 
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N2 COMPRESSOR 



Figure 8-117 


requires a 1.41V op amp output level. This 
can be provided by increasing the value of 
R 2 with an external resistor, which can be 
selected to fine trim the gain. A rearrange¬ 
ment of the compressor gain equation (6) 
allows us to determine the value for R 2 . 

Gain2 R 3 Vm ave 12 X 2 X 20K X 1.27 

R2 =-=- 

Ri Ib IOK X 140iuA 

= 36.3K 

The external resistance required will thus be 
36.3K-20K = 16.3K. 

The Bell compatible low level tracking char¬ 
acteristic is provided by the low level trim 


resistor from Greet to Vec- As shown in 
Figure 9-108 this will skew the system to a 
1:1 transfer characteristic at low levels. The 
2/uf rectifier capacitor provides attack and 
release times of Sms and 13.5ms respective¬ 
ly, as shown in Figures 8-97 and 8-98. The R- 
C-R network around the op amp provides dc 
feedback to bias the output at dc. 

An N2 expander is shown in Figure 8-118. 
The input level of 3.27Vrms is stepped down 
to 1.33V by the 6000: 1000 transformer, 
which is terminated with a 1000 resistor for 
accurate impedance matching. The output 
impedance is accurately set by the 1500 
output resistor and the 1500: 6000 output 


transformer. With this configuration the 
3.46V transformer output requires a 3.46V 
op amp output. To obtain this output level, it 
is necessary to increase the value of R 3 with 
an external trim resistor. The new value of 
R 3 can be found with the expander gain 
equation. 

RiR 2 lBGain IOK X 20K X 140 mA X 2.6 

R3=-=- 

2Vinave 2X1.20 

= 30.3K 


An external addition to R 3 0 f IOK is required, 
and this value can be selected to accurately 
set the high level gain. 

A low level trim resistor from Greet to Vec of 
about 3Meg provides matching of the Bell 
low level tracking curve, and the 2yuf value of 
Greet provides the proper attack and release 
times. A 16K resistor from the summing 
node to ground biases the output to 7Vde. 

VOLTAGE CONTROLLED 
ATTENUATOR 

The variable gain cell in the NE570/571 may 
be used as the heart of a high quality voltage 
controlled amplifier (VGA). Figure 8-119 
shows a typical circuit which uses an exter¬ 
nal op amp for better performance, and an 
exponential converter to get a control 
characteristic of -6dB/V. Trim networks are 
shown to null out distortion and dc shift, and 
to fine trim gain to OdB with zero volts of 
control voltage. 

Op amp A 2 and transistors Qi and Q 2 form 
the exponential converter generating an ex¬ 
ponential gain control current, which is fed 
into the rectifier. A reference current of 
150/uA, (15V and R 20 = 10OK), is attenuated a 
factor of two (6dB) for every volt increase in 


N2 EXPANDOR 


R, 20K 
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VOLTAGE CONTROLLED ATTENUATOR 



the control voltage. Capacitor Ce slows 
down gain changes to a 20ms time constant 
(Ce X Ri) so that an abrupt change in the 
control voltage will produce a smooth 
sounding gain change. Rie assures that for 
large control voltages the circuit will go to 
full attenuation. The rectifier bias current 
would normally limit the gain reduction to 
about 70dB. Rie draws excess current out of 
the rectifier. After approximately 50dB of 
attenuation at a -6dB/V slope, the slope 
steepens and attenuation becomes much 
more rapid until the circuit totally shuts off 
at about 9 volts of control voltage. Ai should 
be a low noise high slew rate op amp. Rie 
and Ri 4 establish approximately a zero volt 
bias at ATs output. 

With a zero volt control voltage, Rig should 
be adjusted for OdB gain. At 1V (-6dB gain) 
Rg should be adjusted for minimum distor¬ 
tion with a large (+10dBm) input signal. The 
output dc bias (Ai output) should be meas- 


u;'ed at full attenuation (+10V control volt¬ 
age) and then Rg is adjusted to give the same 
value at OdB gain. Properly adjusted, the 
circuit will give typically less than .1% dis¬ 
tortion at any gain with a dc output voltage 
variation of only a few millivolts. The clip¬ 
ping level (140/uA into pin 3, 14) is ±10V 
peak. A signal to noise ratio of 90dB can be 
obtained. 

If several VGA’s must track each other, a 
common exponential converter can be 
used. Transistors can simply be added in 
parallel with Q 2 to control the other chan¬ 
nels. The transistors should be maintained 
at the same temperature for best tracking. 

AUTOMATIC LEVEL CONTROL 

The NE570 can be used to make a very high 
performance ALC as shown in Figure 8-120. 
This circuit hookup is very similar to the 
basic compressor shown in Figure 8-105, 
except that the rectifier input is tied to the 


input rather than the output. This makes 
gain inversely proportional to input level so 
that a 20dB drop in input level will produce a 
20dB increase in gain. The output will re¬ 
main fixed at a constant level. As shown, the 
circuit will maintain an output level of 
±1dbm for an input rangeof+14to-43dbm 
at Ikhz. Additional external components 
will allow the output level to be adjusted. 
Some relevant design equations are: 

R1R2IB/ Vin \ 

Output level =-(-); Ib = 140juA 

2R3 \Vin(avg)/ 

Ri R2 Ib 

Gain =- where 

2 R3 Vin (avg) 


V MM _ _ I - 

ViN(avg) " ^ ^ 
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If ALC action at very low input levels is not 
desired, the addition of resistor Rx will limit 
the maximum gain of the circuit. 

Ri + Rx 

1 8V X R 2 X Ib 

Gain max. = -^- 

2R3 


The time constant of the circuit is deter¬ 
mined by the rectifier capacitor, Greet, and 
an internal 10K resistor. 


T — 10K Greet 


Response time can be made faster at the 
expense of distortion. Distortion can be 
approximated by the equation. 



VARIABLE SLOPE 
COMPRESSOR-EXPANDOR 

Compression and expansion ratios other 
than 2:1 can be achieved by the circuit 
shown in Figure 8-121. Rotation of the dual 
potentiometer causes the circuit hookup to 
change from a basic compressor to a basic 
expander. In the center of rotation, the 
circuit is 1:1, has neither compression or 
expansion. The (input) output transfer char¬ 
acteristic is thus continuously variable from 
2:1 compression, through 1:1, up to 1:2 
expansion. If a fixed compression or expan¬ 
sion ratio is desired, proper selection of 
fixed resistors can be used instead of the 
potentiometer. The optional threshold re¬ 
sistor will make the compression or expan¬ 
sion ratio deviate towards 1:1 at low levels. A 
wide variety of (input) output characteristics 
can be created with this circuit, some of 
which are shown in Figure 8-122. 

HI FI COMPANDOR 

The NE570 can be used to construct a high 
performance compandor suitable for use 
with music. This type of system can be used 
for noise reduction in tape recorders, trans¬ 
mission systems, bucket brigade delay 
lines, and digital audio systems. The circuits 
to be described contain features which im¬ 
prove performance, but are not required for 
all applications. 

A major problem with the simple NE570 
compressor (Figure 8-105) is the limited op 
amp gain at high frequencies. For weak 
input signals, the compressor circuit oper¬ 
ates at high gain and the 570 op amp simply 
runs out of loop gain. Another problem with 
the 570 op amp is its limited slew rate of 
about .6v/]us. This is a limitation of the 
expander, since the expander is more likely 
to produce large output signals than a com¬ 
pressor. 


AUTOMATIC LEVEL CONTROL 



VARIABLE SLOPE 
COMPRESSOR-EXPANDOR 



Figure 8-121 
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Figure 8-123 is a circuit for a high fidelity 
compressor which uses an external op amp 
and has a high gain and wide bandwidth. An 
input compensation network is required for 
stability. 

Another feature of the circuit in Figure 8-123 
is that the rectifier capacitor (Cg) is not 
grounded, but is tied to the output of an op 
amp circuit. This circuit, built around an 
LM324, speeds up the compressor attack 
time at low signal levels. The response times 
of the simple expander and compressor 
(Figures 8-104 and 8-105) become longer at 
low signal levels. The time constant is not 
simply lOKxCrect, but is really 

When the rectifier input level drops from 
OdBm to -30dBm, the time constant in¬ 
creases from lO.ZKxCrect to 32.6KxCrect. In 
systems where there is unity gain between 
the compressor and expandor, this will 
cause no overall error. Gain or loss between 
the compressor and expandor will be a 
mistracking of low signal dynamics. The 
circuit with the LM324 will greatly reduce 
this problem for systems which cannot 
guarantee the unity gain. 

When a compressor is operating at high 
gain, (small input signal), and is suddenly hit 
with a signal, it will overload until it can 
reduce its gain. Overloaded the output will 
attempt to swing rail to rail. This compress¬ 
or is limited to approximately a 7V peak to 
peak output swing by the brute force clamp 
diodes D 3 and D 4 . The diodes cannot be 
placed in the feedback loop because their 
capacitance would limit high frequency 
gain. The purpose of limiting the output 
swing is to avoid overloading any succeed¬ 
ing circuit such as a tape recorder input. 




The time it takes for the compressor to 
recover from overload is determined by the 
rectifier capacitor Cg. A smaller capacitor 
will allow faster response to transients, but 
will produce more low frequency third har¬ 
monic distortion due to gain modulation. A 
value of 1 /uf seems to be a good compromise 
value and yields good subjective results. Of 
course, the expandor should have exactly 
the same value rectifier capacitor for proper 
transient response. Systems which have 
good low frequency amplitude and phase 
response can use compandors with smaller 
rectifier capacitors, since the third harmon¬ 
ic distortion which is generated by the com¬ 
pressor will be undistorted by the expandor. 

Simple compandor systems are subject to a 
problem known as breathing. As the system 
is changing gain, the change in the back¬ 
ground noise level can sometimes be heard. 
The compressor in Figure 8-123 contains a 
high frequency pre-emphasis circuit (C 2 , Rs 
and Cs, R 14 ), which helps solve this prob¬ 
lem. Matching de-emphasis on the expand¬ 
er is required. More complex designs could 


make the pre-emphasis variable and further 
reduce breathing. 

The expandor to complement the com¬ 
pressor is shown in Figure 8-124. Here an 
external op amp is used for high slew rate. 
Both the compressor and expandor have 
unity gain levelsof OdBm.Trim networksare 
shown for distortion (THD) and dc shift. The 
distortion trim should be done first, with an 
input of OdBm at 10kHz. The dc shift should 
be adjusted for minimum envelope bounce 
with tone bursts. When applied to consumer 
tape recorders, the subjective performance 
of this system is excellent. 
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INTRODUCTION 

Phase Locked Loop (PLLs) are a new class 
of monolithic circuits developed by Signe- 
tics, but they are based on frequency feed¬ 
back technology which dates back 40 years. 

A phase locked loop is basically an elec¬ 
tronic servo loop consisting of a phase 
detector, a low pass filter and a voltage 
controlled oscillator. Its controlled oscilla¬ 
tor phase makes it capable of locking or 
synchronizing with an incoming signal. If 
the phase changes, indicating the incoming 
frequency is changing , the phase detector 
output voltage increases or decreases just 
enough to keep the oscillator frequency the 
same as the incoming frequency, preserv¬ 
ing the locked condition. Thus, the average 
voltage applied to the controlled oscillator 
is a function of the frequency of the 
incoming signal. In fact, the low pass filter 
voltage is the demodulated output when the 
incoming signal is frequency modulated 
(provided the controlled oscillator has linear 
voltage-to-frequency transfer characteris¬ 
tic). The synchronous reception of radio 
signals using PLL techniques was de¬ 
scribed (Ref. 1) in the early thirties. You may 
have heard of the “homodyne” receiver. 

The first widespread use of the phase lock, 
however, was in TV receivers to synchronize 
the horizontal and vertical sweep oscillators 
to the transmitted sync pulses. Lately, 
narrowband phase locked receivers have 
proved to be of considerable benefit in 
tracking weak satellite signals because of 
their superior noise immunity. Applicaitons 
such as these were implemented primarily 
in discrete component form and involved 
considerable complexity even after the 
advent of transistors. This complexity made 
PLL techniques impractical or uneconomi¬ 
cal in the majority of systems. 

The development of complete, single-chip 
phase locked loops has changed this 
situation considerably. Now, a single pack¬ 
aged device with a few external components 
will offer the user all the benefits of phase 
locked loop operation, including independ¬ 
ent center frequency and bandwidth adjust¬ 
ment, high noise immunity, high selectivity, 
high frequency operation and center fre¬ 
quency tuning by meansof asingleexternal 
component. 

Signetics makes three basic classes of 
single-chip PLL circuits: the general pur¬ 
pose PLL, the PLL with an added multiplier 
and the PLL tone decoder. 

The 560N, 562N and 565 are general 
purpose phase locked loops containing an 
oscillator, phase detector and amplifier. 
When locked to an incoming signal, they 
provide two outputs: a voltage proportional 


to the frequency of the incoming signal (FM 
output) and the square wave oscillator 
output which, during lock. Is equal to the 
incoming frequency. All general purpose 
devices are optimized to provide a linear 
frequency-to-voltage transfer character¬ 
istic. 

The 561N contains a complete PLL as those 
above, plus the additional multiplier or 
quadrature phase detector required for AM 
demodulation. In addition to the standard 
FM and oscillator outputs, it also provides 
an output voltage which is proportional to 
the amplitude of the incoming signal (AM 
output). The 561N is opitmized for highly 
linear FM and AM demodulation. 

The 567 Is a special purpose phase locked 
loop intended solely for use as a tone 
decoder. It contains a complete PLL includ¬ 
ing oscillator, phase detector and amplifier 
as well as a quadrature phase detector or 
multiplier. If the signal amplitude at the 
locked frequency Is above a minimal value, 
the driver amplifier turns on, driving a load 
as much as 200mA. It, thus, gives an output 
whenever an inband tone is present. The 
567 is optimized for both center frequency 
and bandwidth stability. 

The 566 Is not a phase locked loop, but a 
precision voltage-controllable waveform 
generator derived from the oscillator of the 
565 general purpose loop. Because of its 
similarity to the 565 and because it lends 
itself well to use in, and in conjunction with, 
phased locked loops. It has been included in 
this section. 

Table 9-1 summarizes the characteristics of 
Signetics phase locked loop products. 

A considerable quantity of detailed specifi¬ 
cations and publications information for 
these products is included in the Linear 
Spec. Handbook. Because many readers 
are likely to be unfamiliar with the terminol¬ 
ogy and operating characteristics of phase 
locked loops, a glossary of terms and a 
general explanation of PLL principles are 
included here with a detailed discussion of 
the action of the individual loop elements. 

The tradeoff and setup section will assist the 
reader In some of the considerations 
involved in selecting and applying the loop 
products to meet system requirements. A 
brief summary of measurement techniques 
has been presented to aid the user in 
achieving his performance goals. 

Detailed descriptions have been provided 
for each of the loop products. The user can 
supplement the suggested connection 
diagrams with his own schemes. 

Perhaps the best way to become familiar 
with the many uses of phase locked loops is 


to actually study the various application 
circuits provided. These circuits have been 
drawn from many sources—textbooks, 
users, Signetics’ applications engineers and 
the 1970 Signetics—EDN Phase Locked 
Loop contest. Every effort has been made to 
provide usable, workable circuits which 
may be copied directly or used as jumping- 
off points for other imaginative applica¬ 
tions. 

The section on interfacing will aid the user 
in driving different forms of logic from PLL 
outputs and the section on expanding loop 
capabilities will show how to achieve 
improved performance in certain difficult 
applications. 


PHASED LOCKED LOOP 
TERMINOLOGY 

The following is a brief glossary of terms 
encountered in PLL literature. 

Capture Range Although the loop 

will remain in lock throughout its lock 
range, it may not be able to acquire lock at 
the tracking range extremes. The range over 
which the loop can acquire lock is termed 
capture range. The capture range is some¬ 
times called the Lock-in RangeAThe latter 
refers to how close a signal must be to the 
center frequency before acquisition can 
occur. It is thus one-half the capture range 
of ojcA 

Current Controlled Oscillator (CCO)—An 
oscillator similar to a VCO in which the 
frequency is determined by an applied 
current. 

Damping Factor (Q—The standard damp¬ 
ing constant of a second order feedback 
system. InthecaseofthePLL, it refers to the 
ability of the loop to respond quickly to an 
input frequency step without excessive 
overshoot. 

Free-Running Frequency (fo,(oo)—A\so 
called the Center Frequency, this is the 
frequency at which the loop VCO operates 
when not locked to an input signal. The 
same symbols (fo,ft>o) used for the free- 
running frequency are commonly used for 
the general oscillator frequency. It is usually 
clear which is meant from the context. 

Lock Range (2a)L)—The range of input 
frequencies over which the loop will remain 
in lock. It is also called the Tracking Range 
or Hold-In Range. (The latter refers to how 
far the loop frequency can be deviated from 
the center frequency and is one-half the 
lock range or col.) 

Loop Gain (Ks/) —The product of the dc 
gains of all the loop elements, in units of 
(sec)-i. 
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USER’S QUtCK-LOOK GUIDE TO SIGNETICS PLLs 





OUTPUT 


FREQUENCY 







MAXIMUM 


SWING 

CENTER 

DRIFT WITH 



TYPICAL 

SUPPLY 


UPPER 

LOCK 


±5% 

FREQUENCY 

SUPPLY 


AM 

SUPPLY 

VOLTAGE 


FREQUENCY 

RANGE 

FM 

DEVIATION 

STABILITY 

VOLTAGE 

INPUT 

OUTPUT 

CURRENT 

RANGE 


(MHz) 

(%fo) 

DISTORTION 

(volts p-p) 

(ppm/°C) 

(%/volt) 

RESISTANCE 

AVAILABLE 

(mA) 

(volts) 

NE560 

30 

40% 

.3% 

1 

±600 

.3 

2K** 

No 

9 

±16 to ±26 

NE561 

30 

40% 

.3% 

1 

±600 

.3 

2K** 

Yes 

10 

±16 to ±26 

NE562 

30 

40% 

.5% 

1 

±600 

.3 

2K** 

No 

12 

±16 to ±30 

NE564 

50 

40% 

.5% 

.1 

±400 

.3 

3K 

No 

30 

+4.5 to +12 

NE565 

.5 

120% 

.2% 

.15 

±200 

.16 

5K 

No 

8 

± 5 to ±12 

SE565 

.5 

120% 

.2% 

.15 

±100 

.08 

5K 

No 

8 

± 5 to ±12 

NE567 

.5 

14% 

5%* 

.20 

35±60 

.7 

20K** 

Yes* 

7 

± 4.5 to ±9 

SE567 

.5 

14% 

5%* 

.20 

35±60 

.5 

20K** 

Yes* 

6 

± 4.5 to ±9 

NE566 

.5 


.2% 

30%/V*** 

±200 

.16 



7 

±10 to ±26 

SE566 

.5 


.2% 

30%/V*** 

±100 

.08 



7 

±10 to ±26 

* The 567 AM and FM outputs are available, but are not optimized for linear demodulation. 






** Input biased internally. 









*** Figure shown is VCO gain in percent deviation per volt. 








Table 9-1 



Loop Noise Bandwidth (Bl)—A loop prop¬ 
erty related to damping and natural fre¬ 
quency which describes the effective band¬ 
width of the received signal. Noise and 
signal components outside this band are 
greatly attenuated. 

Low Pass Filter (LPF)—A low pass filter in 
the loop which permits only dc and low 
frequency voltages to travel around the 
loop. It controls the capture range and the 
noise and out-band signal rejection charac¬ 
teristics. 

Natural Frequency fton The characteristic 
frequency of the loop, determined mathe¬ 
matically by the final pole positions in the 
complex plane. May be determined experi¬ 
mentally as the modulation frequency for 
which an underdamped loop gives the 
maximum output and at which phase error 
swing is the greatest. 

Phase Detector Gain Factor (KdJ—The 
conversion factor between the phase detec¬ 
tor output voltage and the phase difference 
between input and VCO signals in volts/ra¬ 
dian. At low input signal amplitudes, the 
gain is also a function of input level. 

Phase Detector (PD)—A circuit which 
compares the input and VCO signals and 
produces an error voltage which is depend¬ 
ent upon their relative phase difference. 
This error corrects the VCO frequency 
during tracking. Also called Phase Compar¬ 
ator. A Multiplier or Mixer is often used as a 
phase detector. 

Quadrature Phase Detector (QPD)—A 
phase detector operated in quadrature (90° 
out of phase) with the loop phase detector. It 
is used primarily for AM demodulation and 
lock detection. 


VCO Conversion Gain (Ko)—The conver¬ 
sion factor between VCO frequency and 
control voltage in radians/second/volt. 

Voltage Controlled Oscillator (VCO)—An 
oscillator whose frequency is determined 
by an applied control voltage. 

THE PHASE LOCKED LOOP 
PRINCIPLE 

The phase locked loop is a feedback system 
comprised of a phase comparator, a low 
pass filter and an error amplifier in the 
forward signal path and a voltage- 
controlled oscillator (VCO) in the feedback 
path. The block diagram of a basic PLL 
system is shown in Figure 9-1. Detailed 
analysis of the PLL as a feedback control 
system has been discussed in the literature 
(Ref. 2). Perhaps the single most important 
point to realize when designing with the PLL 
is that it is a feedback system and, hence, is 
characterized mathematically by the same 
equations that apply to other, more conven¬ 
tional feedback systems. The parameters in 
the equations are somewhat different. 


however, since the feedback error signal in 
the phase locked system is a phase rather 
than a current orvoltage signal, as is usually 
the case in conventional feedback systems. 

Loop Operation 

A rigorous mathematical analysis of the 
system is quite cumbersome and will not be 
repeated here. However, from a qualitative 
point of view, the basic principle of PLL 
operation can be briefly explained as 
follows: With no signal input applied to the 
system, the error voltage Vd is equal to zero. 
The VCO operates at a set frequency coo, 
which is known as thefree-running frequen¬ 
cy. If an output signal is applied to the 
system, the phase comparator compares 
the phase and the frequency of the input 
with the VCO frequency and generates an 
error voltage Ve(t) that is related to the phase 
and the frequency difference between the 
two signals. This error voltage is then 
filtered, amplified and applied to the control 
terminal of the VCO. In this manner, the 
control voltage Vd(t) forces the VCO fre- 
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quency to vary in a direction that reduces 
the frequency difference between fo and the 
input signal. If the input frequency wi is 
sufficiently close to wo, the feedback nature 
of the PLL causes the VCO to synchronize 
or lock with the incoming signal. Once in 
lock, the VCO frequency is identical to the 
input signal except for a finite phase 
difference. This net phase difference Bo is 
necessary to generate the corrective error 
voltage Vd to shift the VCO frequency from 
its free-running value to the Input signal 
frequencywi and, thus, keep the PLL In lock. 
This self-correcting ability of the system 
also allows the PLL to track the frequency 
changes of the input signal once it is locked. 
The range of frequencies over which the 
PLL can maintain lock with an inputsignal is 
defined as the “lock range” of the system. 
The band of frequencies over which the PLL 
can acquire lock with an incoming signal is 
known as the “capture range” of the system 
and is never greater than the “lock range.” 

Another means of describing the operation 
of the PLL is to observe that the phase 
comparator Is in actuality a multipier circuit 
that mixes the input signal with the VCO 
signal. This mix produces the sum and 
difference frequencies wi ± wo shown in 
Figure 9-1. When the loop is in lock, the 
VCO duplicates the input frequency so that 
the difference frequency component (wi - 
wo) is zero; hence, the output of the phase 
comparator contains a dc component. The 
low pass filter removes the sum frequency 
component (wi = wo) but passes the dc 
component which is then amplified and fed 
back to the VCO. Notice that when the loop 
is in lock, the difference frequency compo¬ 
nent is always dc, so the lock range is 
independent of the band edge of the low 
pass filter. 

Lock and Capture 

Consider now the case where the loop is not 
yet in lock. The phase comparator again 
mixes the input and VCO signals to produce 
sum and difference frequency components. 
Now, however, the difference component 
may fall outside the band edge of the low 
pass filter and be removed along with the 
sum frequency component. If this is the 
case, no information is transmitted around 
the loop and the VCO remains at its initial 
free-running frequency. As the input fre¬ 
quency approaches that of VCO, the 
frequency of the difference component 
decreases and approaches the band edge of 
the low pass filter. Now some of the 
difference component is passed, which 
tends to drive the VCO towards the frequen¬ 
cy of the input signal. This, in turn, 
decreases the frequency of the difference 
component and allows more information to 


be transmitted through the low pass filter to 
the VCO. This is essentially a positive 
feedback mechanism which causes the 
VCO to snap into lock with the input signal. 
With this mechanism in mind, the term 
“capture range” can again be defined as the 
frequency range centered about the VCO 
initial free-running frequency over which 
the loop can acquire lock with the input 
signal. The capture range is a measure of 
how close the input signal must be in 
frequency to that of the VCO to acquire 
lock. The “capture range” can assume any 
value within the lock range and depends 
primarily upon the band edge of the low 
pass filter together with the closed loop gain 
of the system. It is this signal capturing 
phenomenon which gives the loop its 
frequency selective properties. 

It is important to distinguish the “capture 
range” from the “lock range” which can, 
again, be defined as the frequency range 
usually centered about the VCO initial free 
running frequency over which the loop can 
track the input signal once lock has been 
achieved. 

When the loop is in lock, the difference 
frequency component on the output of the 
phase comparator (error voltage) is dc and 
will always be passed by the low pass filter. 
Thus, the lock range Is limited by the range 
of error voltage that can be generated and 
the corresponding VCO frequency devia¬ 
tion produced. The lock range is essentially 
a dc parameter and is not affected by the 
band edge of the low pass filter. 

The Capture Transient 

The capture process is highly complex and 
does not lend itself to simple mathematical 
analysis. However, a qualitative description 
of the capture mechanism may be given as 
follows: Since frequency is the time deriv¬ 
ative of phase, the frequency and the phase 
errors in the loop can be related as 

(Equation 9-1) 
d0o 


where Aco is the instantaneous frequency 
separation between the signal and VCO 
frequencies and Bo is the phase difference 
between the Input signal and VCO signals. 

If the feedback loop of the PLL was opened, 
say between the low pass filter and the VCO 
control Input, then for a given condition of 
0)0 and o)\ the phase comparator output 
would be a sinusoidal beat note at a fixed 
frequency Acu. If wi and wo were sufficiently 
close in frequency, this beat note would 
appear at the filter output with negligible 
attenuation. Now suppose that the feedback 
loop is closed by connecting the low pass 


filter output to the VCO control terminal. 
The VCO frequency will be modulated by 
the beat note. When this happens. Aw itself 
will become a function of time. If during this 
modulation process, the VCO frequency 
moves closer to coi (i.e., decreasing Aft>), then 
d0o/dt decreases and the output of the 
phase comparator becomes a slowly vary¬ 
ing function of time. Similarly, if the VCO is 
modulated away from wi, dB/dt increases 
and the error voltage becomes a rapidly 
varying function of time. Linder this condi¬ 
tion the beat note waveform no longer looks 
sinusoidal: it looks like a series of aperiod¬ 
ic cusps, depicted schematically in Figure 
9-2a. Because of its asymmetry, the beat 
note waveform contains a finite dc compo¬ 
nent that pushes the average value of the 
VCO toward coi, thus increasing Aco. In this 
manner, the beat note frequency rapidly 
decreases toward zero, the VCO frequency 
drifts toward coi and the lock is established. 
When the system is in lock, Aco is equal to 
zero and only a steady-state dc error voltage 
remains. 

Figure 9-2b displays an oscillogram of the 
loop error voltage Vd in an actual PLL 
system during the capture process. Note 
that as lock is approached, Aco is reduced, 
the low pass filter attenuation becomes less 
and the amplitude of the beat note in¬ 
creases. 

The total time taken by the PLL to establish 
lock is called the pull-in time. Pull-in time 
depends on the initial frequency and phase 
differences between the two signals as well 
as on the overall loop gain and the low pass 
filter bandwidth. Under certain conditions, 
the pull-in time may be shorter than the 
period of the beat note and the loop can lock 
without an oscillatory error transient. 

A specific case to illustrate this is shown in 
Figure 9-3. The 565 PLL is shown acquiring 
lock within the first cycle of the inputsignal. 
The PLL was able to capture in this short 
time because It was operated as a first order 
loop (no low pass filter) and the input tone- 
burst frequency was within its lock and 
capture range. 


Effect of the Low Pass Filter 

In the operation of the loop, the loop pass 
filter serves a dual function: First, by 
attenuating the high frequency error com¬ 
ponents at the output of the phase compara¬ 
tor, it enhances the inteference-rejection 
characteristics; second, it provides a short¬ 
term memory for the PLL and ensures a 
rapid recapture of the signal if the system is 
thrown out of lock due to a noise transient. 
The low pass filter bandwidth has the 
following effects on system performance: 
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a. The capture process becomes slower, 
and the pull-in time increases. 

b. The capture range decreases. 

c. Interference-rejection properties of the 
PLL improve since the error voltage 
caused by an interfering frequency is 
attenuated further by the low pass filter. 

d. The transient responce of the loop (the 
response of the PLL to sudden changes 
of the input frequency within the capture 
range) becomes undamped. 

The last effect also produces a practical 
limitation on the low pass loop filter 
bandwidth and roll-off characteristics from 
a stability standpoint. These points will be 
explained further in the following analysis. 

Linear Analysis for Lock 
Condition—Frequency Tracking 

When the PLL is in lock, the non-linear 
capture transients are no longer present. 
Therefore, under lock condition, the PLL 
can often be approximated as a linear 
control system (see Figure 9-4) and can be 
analyzed using Laplace transform tech¬ 
niques. In this case, it is conveiiient to use 
the net phase error In the loop (0s - 0o) as the 
system variable. Each of the gain terms 
associated with the blocks can be defined as 
follows: 

Kd = conversion gain of phase detector 
(volt/rad) 

F(s) = transfer characteristic of low pass 
filter 

A = amplifier voltage gain 

K0 = VCO conversion gain (rad/sec/volt) 

Note that, since the VCO converts a voltage 
to a frequency and since phase is the 
integral of frequency, the VCO functions as 
an integrator in the feedback loop. 

The open loop transfer function for the PLL 
can be written as 

(Equation 9-2) 

KvF (s) 

T(s)= - 

s 



where Kv is the total loop gain, i.e., Kv = 
KoKdA. Using the linear feedback analysis 
techniques, the closed loop transfer charac¬ 
teristics H(s) can be related to the open loop 
performance as 

(Equation 9-3) 
T(s) 

H(s)= - 

1 + Tis) 

and the roots of the characteristic system 
polynomial can be readily determined by 
root locus techniques. 

From these equations, it is apparent that the 
transient performance and frequency re- 
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sponse of the loop is heavily dependent 
upon the choice of filter and its correspond¬ 
ing transfer characteristic, F{s). 

The simplest case is that of the first order 
loop where F(s) = 1 (no filter). The closed 
loop transfer function then becomes 

(Equation 9-4) 

Kv 

T(s)= - 

s + Kv 

This transfer function gives the root locus as 
a function of the total loop gain Kv and the 
corresponding frequency response shown 
in Figure 9-5a. The open loop pole at the 
origin is due to the integrating action of the 
VCO. Note that the frequency response is 
actually the amplitude of the difference 
frequency component versus modulating 
frequency when the PLL is used to track a 
frequency modulated input signal. Since 
there is no low pass filter in this case, sum 
frequency components are also present on 
the phase detector output and must be 
filtered outside of the loop if the difference 
frequency component (demodulated FM) is 
to be measured. 

With the addition of a single pole low pass 
filter F(s) of the form 

(Equation 9-5) 


where n = R1C, the PLL becomes a second 
order system with the root locus shown in 
Figure 9-5b. Here, we again have an open 
loop pole at the origin because of the 
integrating action of the VCO and another 
open loop pole at a position equal to -1/ri 
where n is the time constant of the low pass 
filter. 

One can make the following observations 
from the root locus characteristics of Figure 
9-5b. 

a. As the loop gain Kv increases for a given 
choice of n, the imaginary part of the 
closed loop poles increase; thus, the 
natural frequency of the loop increases 
and the loop becomes more and more 
undamped. 

b. If the filter time constant is increased, the 
real part of the closed loop poles be¬ 
comes smaller and the damping is re¬ 
duced. 

As in any practical feedback system, excess 
shifts or non-dominant poles associated 
with the blocks within the PLL can cause the 
root loci to bend toward the right half plane 
as shown by the dashed line in Figure 9-5b. 
This is likely to happen if eitherthe loop gain 
or the filter time constant is too large and 
may cause the loop to break into sustained 
oscillations. 


The stability problem can be eliminated by 
using a lag-lead type of filter, as indicated in 
Figure 9-5c. This type of filter has a transfer 
function 

(Equation 9-6) 

1 + T2S 

F(s)= - 

1 + (ri + r2)s 

where t 2 = R2C and n = RI C. By the proper 
choice of R2, this type of filter confines the 


root locus to the left half plane and ensures 
stability. The lag-lead filter gives a frequen¬ 
cy response dependent on the damping, 
which can now be controlled by the proper 
adjustment of n and t 2 . In practice, this type 
of filter is important because it allows the 
loop to be used with a response between 
that of the first and second order loops and 
it provides an additional control over the 
loop transient response. If R2 = 0, the loop 
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behaves as a second order loop and if R2 = 
the loop behaves as a first order loop due 
to a pole-zero cancellation. Note, however, 
that as first order operation is approached, 
the noise bandwidth increases and interfer¬ 
ence rejection decreases since the high 
frequency error components in the loop are 
now attenuated to a lesser degree. 

In terms of the basic gain expressions in the 
system, the lock range of the PLL col can be 
shown to be numerically equal to the dc 
loop gain 

(Equation 9-7) 

2col = 47rfL = 2Kv 

Since the capture range coc denotes a tran¬ 
sient condition, it is not as readily derived as 
the lock range. However, an approximate 
expression for the capture range can be 
written as 


TYPICAL PLL FREQUENCY- TO-VOLTAGE TRANSFER 
CHARACTERISTICS FOR INPUT FREQUENCY INCREASING 
AND DECREASING 



Figure 9-6 


(Equation 9-8) 

2coc “ 47rfc — 2Kv • F (jcoc) 

where F(jcoc) is the low pass filter amplitude 
response at co = col- Note that at all times the 
capture range is smaller than the lock range. 
If the simple lag filter of Figure 9-5b is used, 
the capture range equation can be approx¬ 
imated as 


(Equation 9-9) 


Thus, the capture range increased as the 
low pass filter time constant is decreased, 
whereas the lock range is unaffected by the 
filter and is determined solely by the loop 
gain. 

Figure 9-6 shows the typical frequency-to- 
voltage transfer characterisitcs of the PLL. 
The input is assumed to be a sine wave 
whose frequency is swept slowly over a 
broad frequency range. The vertical scale is 
the corresponding loop error voltage. In 
Figure 9-6a, the input frequency is being 
gradually increased. The loop does not 
respond to the signal until it reaches fre¬ 
quency £ 01 , corresponding to the lower edge 
of the capture range. Then, the loop sud¬ 
denly locks on the input and causes a nega¬ 
tive jump of the loop error voltage. Next, Vd 
varies with frequency with a slope equal to 
the reciprocal of VCO gain (1/Ko) and goes 
through zero as £oi — cjdq. The loop tracks the 
input until the input frequency reaches £ 02 , 
corresponding to the upper edge of the lock 
range. The PLL then loses lock and the 
error voltage drops to zero. If the input 
frequency is swept slowly back now, the 
cycle repeats itself, but it is inverted, as 
shown in Figure 9-6b. The loop recaptures 
the signal at £03 and tracks it down to a> 4 . The 
total capture and lock ranges of the system 
are: 



(Equation 9-10) 
2£oc = a»3 - ft>i and 2 (ol — (02 ~ <*>4 

Note that, as indicated by the transfer char¬ 
acteristics of Figure 9-6, the PLL system has 
an inherent selectivity about the center 
frequency set by the VCO free-running 
frequency m- It will respond only to the 
input signal frequencies that are separated 
from £00 by less than £oc or £ol, depending on 
whether the loop starts with or without an 
initial lock condition. The linearity of the 
frequency-to-voltage conversion charac¬ 
teristics for the PLL is determined solely by 
the VCO conversion gain. Therefore, in 
most PLL applications, the VCO is required 
to have a highly linear voltage-to-frequency 
transfer characteristic. 

PHASE LOCKED LOOP 
BUILDING BLOCKS 

Voltage Controlled Oscillator 

Since three different forms of VCO have 
been used in the Signetics PLL series, the 
VCO details will not be discussed until the 
individual loops are described. However, a 
few general comments about VCOs are in 
order. 

When the PLL is locked to a signal, the VCO 
voltage is a function of the frequency of the 
input signal. Since the VCO control voltage 
is the demodulated output during FM de¬ 
modulation, it is important that the VCO 
voltage-to-frequency characteristic be line¬ 
ar so that the output is not distorted. Over 
the linear range of the VCO, the conversion 
gain is given by Ko (in radian/sec/volt). 

(Equation 9-11) 


Ko = 


Acdo 

AVo 


Since the output voltage is the VCO voltage, 
we can get the loop output voltage as 

(Equation 9-12) 

Acoo 

AVo= -- 

Ko 

The gain Ko can be found from the data 
sheet by taking the change in VCO control 
voltage for a given percentage frequency 
deviation and multiplying by the center 
frequency. When the VCO voltage is 
changed, the frequency change is virtually 
instantaneous. 


Phase Detector 

All Signetics phase locked loops use the 
same form of phase detector—often called 
the doubly-balanced multiplier or mixer. 
Such a circuit is shown in Figure 9-7. 

The input stage formed by transistors 01 
and 02 may be viewed as a differential 
amplifier which has a collector resistance 
Rc and whose differential gain at balance is 
the ratio of Rc to the emitter resistance re of 
01 and 02. 

(Equation 9-13) 


Ad = 


Rc 

re 


Rc 

0.026 

le/2 


Rc 

0.0131e 


The switching stage formed by 03 - 06 is 
switched on and off by the VCO square 
wave. Since the collector current swing of 
02 is the negative of the collector current 
swing of 01, the switching action has the 
effect of multiplying the differential stage 
output first by +1 and then by -1. That is, 
when the base of 04 is positive, Rc 2 receives 
II and when the base of 06 is positive, Rc2 
receives 12 = II. Since we have called this a 
multiplier, let us perform the multiplication 
to gain further insight into the action of the 
phase detector. 
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Suppose we have an input signal which 
consists of two added components; a com¬ 
ponent at frequency a>i which is close to the 
free-running frequency and a component at 
frequency wk which may be at any frequen¬ 
cy. The input signal is 

(Equation 9-14) 


Vi + Vk = Visin (cujt + d\) + VkSin (cokt + 0k) 

where e\ and dk are the phase in relation to 
the VCO signal. The unity square wave 
developed in the multiplier by the VCO 
signal is 

(Equation 9-15) 

-- sin r(2n + Dftjotl 

7r(2n + 1) 

where coo is the VCO frequency. Multiplying 
the two terms, using the appropriate trigo¬ 
nometric relationship and inserting the dif¬ 
ferential stage gain Ad, we get 

(Equation 9-16) 

Vd = 


00 


2Ad 

TT 



n = 0 


cos [(2n 


+ 1)a»ot - Wit - d\ j 


oo 

z 


(2n + 1) 


s |^(2n + Dwot + Wit + 0ij 


00 

L 


Vk 

-c 

(2n + 1) 


s|^(2n + Dwot - wkt - 0k j 



Vk r 

-COS (2n -f Dwot + Wkt +0k 

(2n + 1) 


n 


0 


Assuming the Vk is zero, temporarily, if coi is 
close to ftjo, the first term (n = 0) has a low 
frequency difference frequency compo¬ 
nent. This is the beat frequency component 
that feeds around the loop and causes lock 
up by modulating the VCO. As coo is driven 
closer to co\, this difference component 
becomes lower and lower in frequency until 
coo = co\ and lock is achieved. The first term 
then becomes 


(Equation 9-17) 


2AdVi 


COS 0i 


TT 


which is the usual phase detector formula 
showing the dc component of the phase 
detector during lock. This component must 
equal the voltage necessary to keep the 
VCO at coo. it is possible for coo to equal coi 


INTEGRATED PHASE DETECTOR 



Figure 9-7 


momentarily during the lock up process 
and, yet, for the phase to be incorrect so that 
coo passes through coj without the lock being 
achieved. This explains why lock is usually 
not achieved instantaneously, even when coi 

= coo at t = 0. 

If n # 0 in the first term, the loop can lock 
when coi = (2n + Dcoo, giving the dc phase 
detector component 

(Equation 9-18) 

2AdVi 

- COS0i 

7r(2n + 1) 

showing that the loop can lock odd harmon¬ 
ics of the center frequency. The (2n +1) term 
in the denominator shows that the phase 
detector output is lower for harmonic lock, 
which explains why the lock range de¬ 
creases as higher and higher odd harmon¬ 
ics are used to achieve lock. 

Note also that the phase detector during 
lock is (assuming Ad is constant) also a 
function of the input amplitude Vi. Thus, for 
a given dc phase detector output Vd, an 
input amplitude decrease must be accom¬ 
panied by a phase change. Since the loop 
can remain locked only for di between 0 and 
180°, the lower Vi becomes, the more re¬ 
duced is the lock range. 

Going to the second term, we note that 
during lock the lowest possible frequency is 
coo+coi=2coi. A sum frequency component is 
always present at the phase detector output. 
This component is usually greatly attenuat¬ 
ed by the low pass filter capacitor connect¬ 
ed to the phase detector output. However, 
when rapid tracking is required (as with 
high-speed FM detection or FSK-frequency 
shift keying), the requirement for a relatively 
high frequency cutoff in the low pass filter 


may leave this component unattenuated to 
the extent that it interferes with detection. At 
the very least, additional filtering may be 
required to remove this component. Com¬ 
ponents caused by n# 0 in the second term 
are both attenuated and of much higher 
frequency, so they may be neglected. 

Suppose that we have other frequencies 
represented by Vk present. What is their 
effect for Vk ^ 0? 

The third term shows that Vk introduces 
another difference frequency component. 
Obviously, if cok is close to coi, it can interfere 
with the locking process since it may form a 
beat frequency of the same magnitude as 
the desired locking beat frequency. Sup¬ 
pose lock has been achieved, however, so 
that coo - (o\. In order for lock to be main¬ 
tained, the average phase detector output 
must be constant. If coo = cok is relatively low 
in frequency, the phase S\ must change to 
compensate for this beat frequency. Broad¬ 
ly speaking, any signal in addition to the 
signal to which the loop is locked causes a 
phase variation. Usually this is negligible 
since cok is often far removed from coi. How¬ 
ever, it has been stated that the phase 0i can 
move only between 0 and 180°. Suppose the 
phase limit has been reached and Vk ap¬ 
pears. Since it cannot be compensated for, 
it will drive the loop out of lock. This ex¬ 
plains why extraneous signals can result in 
a decrease in the lock range. If Vk is as¬ 
sumed to be an instantaneous noise compo¬ 
nent, the same effect occurs. When the full 
swing of the loop is being utilized, noise will 
decrease the lock or tracking range. We can 
reduce this effect by decreasing the cutoff 
frequency of the low pass f i Iter so that the coo 
- cok is attentuated to a greater extent, which 
illustrates that noise immunity and out- 
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band frequency rejection is improved (at the 
expense of capture range since coo - a)\ is 
likewise attenuated) when the low pass filter 
capacitor is large. 

The third term can have a dc component 
when ojk is an odd harmonic of the locked 
frequency so that (2n +1) (coo - <oi) is zero and 
0k makes its appearance. This will have an 
effect on e\ which will change the d\ versus 
frequency coj. This is most noticeable when 
the waveform of the incoming signal is, for 
example, a square wave. The 0k term will 
combine with the d\ term so that the phase is 
a linear function of input frequency. Other 
waveforms will give different phase versus 
frequency functions. When the input ampli¬ 
tude Vi is largeand the loop gain is large, the 
phase will be close to 90° throughout the 
range of VCO swing, so this effect is often 
unnoticed. 


The fourth term is of little consequence 
except that if a>k approaches zero, the phase 
detector output will have a component at 
the locked frequency coo at the output. For 
example, a dc offset at the input differential 
stage will appear as a square wave of funda¬ 
mental coo at the phase detector output; This 
is usually small and well attenuated by the 
low pass filter. Since many out-band signals 
or noise components may be present, many 
Vk terms may be combining to influence 
locking and phase during lock. Fortunately, 
we need only worry about those close to the 
locked frequency. 

The quadrature phase detector action is 
exactly the same except that its output is 
proportional to the sine of the phase angle. 
When the phase d\ is 90°, the quadrature 
phase detector output is then at its maxi¬ 
mum, which explains why it makes a useful 
lock or amplitude detector. The output of 
the quadrature phase detector is given by: 

(Equation 9-19) 


where Vj is the constant or modulated AM 
signal and 0i «90° in most cases so that sine 
0i = 1 and 

(Equation 9-20) 

TT 

This is the demodulation principle of the 
autodyne receiver and the basis for the 567 
tone decoder operation. 


FUNCTIONAL APPLICATIONS 
Low Pass Filter 


The simplest type of low pass filter for the 
second order loop is a single pole RC type 
shown in Figure 9-5b. In all SigneticS’ loops, 
the resistor is internal and the capacitor is 
external. The inside resistor greatly im¬ 


proves the center frequency stability of the 
loop with temperature variations. Fortu¬ 
nately, the capture range and loop damping 
are related to the square root of this internal 
resistor value, so variations in its absolute 
value have little effect on loop performance. 
The nominal value of the Internal resistor for 
each loop is given In the circuit diagrams of 
the detailed circuit descriptions in this 
chapter. The typical tolerance on these 
integrated resistors is ±20%. 


band FM signals with greater linearity than 
can be obtained by other means. For fre¬ 
quencies within the range of the VCO, the 
PLL functions as a self contained receiver 
since it combines the functions of frequen¬ 
cy selectivity and demodulation. One in¬ 
creasingly popular use of the PLL is in 
scanning-receivers where a number of 
broadcast channels may be sequentially 
monitored by simply varying the VCO free- 
running frequency. 


As a functional building block, the phase 
locked loop is suitable for a wide variety of 
frequency related applications. These ap¬ 
plications generally fall into one or more of 
the following categories: 

a. FM demodulation 

b. Frequency synthesizing 

c. Frequency synchronization 

d. Signal conditioning 

e. AM demodulation 

FM Demodulation 

If the PLL is locked to a frequency modulat¬ 
ed (FM) signal, the VCO tracks the in¬ 
stantaneous frequency of the input signal. 
The filtered error voltage, which forces the 
VCO to maintain lock with the input signal 
then becomes the demodulated FM output. 
The linearity of this demodulated signal 
depends solely on the linearity of the VCO 
control-voltage-to-frequency transfer char¬ 
acteristic. 

It should be noted that since the PLL is in 
lock during the FM demodulation process, 
the response is linear and can be readily 
predicted from a root locus plot. 

FM demodulation applications are numer¬ 
ous: however, some of the more popular are; 

BROADCAST FM DETECTION 

Here, the PLL can be used as a complete IF 
strip, limiter and FM detector which may be 
used for detecting either wide or narrow 


FM TELEMETRY 

This application involves demodulation of a 
frequency modulated subcarrier of the main 
channel. A popular example here is the use 
of the PLL to recover the SCA (storecast 
music) signal from the combined signal of 
many commercial FM broadcast stations. 
The SCA signal is a 67kHz frequency modu¬ 
lated subcarrier which puts it above the 
frequency spectrum of the normal stereo or 
monaural FM program material. By con¬ 
necting the circuit of Figure 9-8 to a point 
between the FM discriminator and the de¬ 
emphasis filter of a commercial band (home) 
FM receiver and tuning the receiver to a 
station which broadcasts an SCA signal, 
one can obtain hours of commercial free 
background music. 

FREQUENCY SHIFT KEYING (FSK) 

This refers to what is essentially digital 
frequency modulation. FSK is a means for 
transmitting digital information by a carrier 
which is shifted between two discrete fre¬ 
quencies. In this case, the two discrete 
frequencies correspond to a digital “1” and 
a digital “0,” respectively. When the PLL is 
locked to a FSK signal, the demodulated 
output (error voltage) shifts between two 
discrete voltage levels, corresponding to 
the demodulated binary output. FSK tech¬ 
niques are often used in modems 
(modulator-demodulators), intended for 
transmitting data over telephone lines. 
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FREQUENCY SYNTHESIZER 

Frequency Multiplication can be achieved 
with the PLL in two ways: 

a. Locking to a harmonic of the input signal 

b. Insertion of a counter (digital frequency 
divider) in the loop 

Harmonic locking is the simplest and can 
usually be achieved by setting the VCO free- 
running frequency to a multiple of the input 
frequency and allowing the PLL to lock. A 
limitation on this scheme, however, is that 
the lock range decreases as successively 
higher and weaker harmonics are used for 
locking. This limits the practical harmonic 
locking range to multiples of approximately 
less than ten. For larger multiples, the sec¬ 
ond scheme is more desirable. 

A block diagram of the second scheme is 
shown in Figure 9-9. Here, the loop is bro¬ 
ken between the VCO and the phase com¬ 
parator and a counter is inserted. In this 
case, the fundamental of the divided VCO 
frequency is locked to the input frequency 
so that the VCO is actually running at a 


multiple of the input frequency. The amount 
of multiplication is determined by the coun¬ 
ter. An obvious practical application of this 
multiplication property, is the use of the PLL 
in wide range frequency synthesizers. 

In frequency multiplication applications it is 
important to take into account that the 
phase comparator is actually a mixer and 
that Its output contains sum and difference 
frequency components. The difference fre¬ 
quency component is dc and is the error 
voltage which drives the VCO to keep the 
PLL in lock. The sum frequency compo¬ 
nents (of which the fundamental is twice the 
frequency of the input signal) if not well 
filtered, will induce incidental FM on the 
VCO output. This occurs because the VCO 
Is running at many times the frequency of 
the input signal and the sum frequency 
component which appears on the control 
voltage to the VCO causes a periodic varia¬ 
tion of its frequency about the desired multi¬ 
ple. For frequency multiplication it is gener¬ 
ally necessary to filter quite heavily to 
remove this sum frequency component. The 
tradeoff, of course, is a reduced capture 


range and a more underdamped loop tran¬ 
sient response. 

For the case of frequency fractionalization, 
both harmonic locking and frequency 
countdown could be used to generate, for 
instance, a frequency exactly 16/3 the input. 
In this case, the circuit of Figure 9-10 could 
be used with the Initial VCO frequency set to 
approximately 16/3 the expected input fre¬ 
quency. The counter then divides the VCO 
frequency by 16, and the input is locked to 
the 3rd harmonic of the counter output. 
Now the output can be taken as the VCO 
output and it will be exactly 16/3 of the input 
frequency as long as the loop is in lock. 

Frequency translation can be achieved by 
adding a mixer and a low pass filter stage to 
the basic PLL as shown in Figure 9-11. With 
this system the PLL can be used to translate 
the frequency of a highly stable but fixed- 
frequency reference oscillator by a small 
amount in frequency. 

In this case, the reference input fr and the 
VCO output fo are applied to the inputs of 



FREQUENCY TRANSLATION OR “OFFSET” LOOP 


OFFSET 
tNPUT fi 



Figure 9-11 
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the mixer stage. The mixer output is made 
up of the sum and the difference compo¬ 
nents of fr and fo. The sum component is 
filtered by the first low pass filter. The trans¬ 
lation or offset frequency fi is applied to the 
phase comparator along with the fr - fo 
component of the mixer output. When the 
system is in lock, the two inputs of the phase 
comparator are at identical frequency, that 
is, 

(Equation 9-21) 


fo - fR = fi or fo = fp + fi 


Frequency Synchronization 

Using the phase locked loop system, the 
frequency of the less precise VCO can be 
phase locked with a low level but highly 
stable reference signal. Thus, the VCO out¬ 
put reproduces the reference signal fre¬ 
quency at the same per-unit accuracy, but 
at a much higher power level. In some 
applications, the synchronizing signal can 
be in the form of a low duty cycle burst at a 
specific frequency. Then, the PLL can be 
used to regenerate a coherent CW reference 
frequency locking onto this short synchro¬ 
nizing pulse. A typical example of such an 
application is seen in the phase locked 
chroma-reference generators of color tele¬ 
vision receivers. 

In digital systems, the PLL can be used fora 
variety of synchronization functions. For 
example, two system clocks can be phase 
locked to each other such that one can 
function as a back up for the other; or PLLs 
can be used in synchronizing disk or tape 
drive mechanisms in information storage 
and retrieval systems. In pulse-code modu¬ 
lation (PCM) telemetry receivers or in re¬ 
peater systems, the PLL is used for bit syn¬ 
chronization. 

Other popular applications include locking 
to WWVB to generate an inexpensive labo¬ 
ratory frequency standard and synchroniz¬ 
ing tape speed for playback of a tape re¬ 
corded at an irregular speed. 

Signal Conditioning^ 

By proper choice of the VCO free-running 
frequency, the PLL can be made to lock to 
any one of a number of signals present at 
the input. Hence, the VCO output repro¬ 
duces the frequency of the desired signal, 
while greatly attenuating the undesired fre¬ 
quencies of sidebands present at the input. 

If the loop bandwidth is sufficiently narrow, 
the signal-to-noise ratio at the VCO output 
can be much better than that at the input. 
Thus, the PLL can be used as a noise filter 
for regenerating weak signals buried in 
noise. 


AM Demodulation 

AM demodulation may be achieved with 
PLL by the scheme shown in Figure 9-12. In 
this mode of operation, the PLL functions as 
a synchronous AM detector. The PLL locks 
on the carrier of the AM signal so that the 
VCO output has the same frequency as that 
of the carrier but no amplitude modulation. 
The demodulated AM Is then obtained by 
multiplying the VCO signal with the modu¬ 
lated input signal and filtering the output to 
remove all but the difference frequency 
component. It may be recalled from the 
Initial discussion that when the frequency of 
the input signal is identical to the free- 
running frequency of the VCO, the loop 
goes into lock with these signals 90° out of 
phase. If the input is now shifted 90° so that 
it is in phase with the VCO signal and the 
two signals are mixed in a second phase 
comparator, the average dc value (differ¬ 
ence frequency component) of the phase 
comparator output will be directly propor¬ 
tional to the amplitude of the input signal. 

The PLL still exhibits the same capture 
range phenomena discussed earlier so that 
the loop has an inherent high degree of 
selectivity centered about the free-running 
VCO frequency. Because this method is 
essentially a coherent detection technique 
which involves averaging of the two com¬ 
pared signals, it offers a higher degree of 
noise immunity than can be obtained with 
conventional peak-detector-type AM de¬ 
modulators. 

GENERAL LOOP SETUP 
AND TRADEOFFS 

In a given application, maximum PLL effec¬ 
tiveness can be achieved If the user under¬ 
stands the tradeoffs which can be made. 
Generally speaking, the user is free to select 
the frequency, tracking or lock range, cap¬ 
ture range and input amplitude. 

Center Frequency Selection 

Setting the center frequency is accom¬ 
plished by selecting one or two external 


components. The center frequency is usual¬ 
ly set in the center of the expected input 
frequency range. Since the loop’s ability to 
capture is a function of the difference be¬ 
tween the incoming and free-running fre¬ 
quencies, the band edges of the capture 
range are always an equal distance (in Hz) 
from the center frequency. Typically, the 
lock range is also centered about the free- 
running frequency. Occasionally, the cen¬ 
ter frequency is chosen to be offset from the 
incoming so that detection or tracking 
range is limited on one side. This permits 
rejection of an adjacent higher or lower 
frequency signal without paying the penalty 
for narrow band operation (reduced track¬ 
ing speed). 

All of Signetics’ loops use a multiplier in 
which the input signal is multiplied by a 
unity square wave at the VCO frequency. 
The odd harmonics present in the square 
wave permit the loop to lock to input signals 
at these odd harmonics. Thus, the center 
frequency may be set to, say, 1/3 or 1/5 of 
the input signal. The tracking range, how¬ 
ever, will be considerably reduced as the 
higher harmonics are utilized. 

The foregoing phase detector discussion 
would suggest that the PLL cannot lock to 
subharmonics because the phase detector 
cannot produce a dc component if a>i is less 
than 0 ) 0 * 

The loop can lock to both odd harmonic and 
subharmonic signals in practice because 
such signals often contain harmonic com¬ 
ponents at fo. For example, a square wave of 
fundamental fo/3 will have a substantial 
component at fo to which the loop can lock. 
Even a pure sine wave input signal can be 
used for harmonic locking if the PLL input 
stage is overdriven (the resultant internal 
limiting generates harmonic frequencies). 
Locking to even harmonics or subharmon¬ 
ics is the least satisfactory since the input or 
VCO signal must contain second harmonic 
distortion. If locking to even harmonics is 
desired, the duty cycle of the input and VCO 
signals must be shifted away from the sym- 
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metrical to generate substantial even har¬ 
monic content. 

In evaluating the loop for a potential appli¬ 
cation, it is best to actually compute the 
magnitude of the expected signal compo¬ 
nent nearest fo. This magnitude can be used 
to estimate the capture and lock range. 

All of Signetics’ loops are stabilized against 
center frequency drift due to power supply 
variations. Both the 565 and the 567 are 
temperature compensated over the entire 
military temperature range (-55 to +125°C). 
To benefit from this inherent stability, how¬ 
ever, the user must provide equally stable 
(or better) external components. For maxi¬ 
mum cost effectiveness in some noncritical 
applications, the user may wish to trade 
some stability for lower cost external com¬ 
ponents. 

Tracking or Lock Range Control 

Two things limit the lock or tracking range. 
First, any VCO can only swing so far; if the 
input signal frequency goes beyond this 
limit, lock will be lost. Second, the voltage 
developed by the phase detector is propor¬ 
tional to the product of both the phase and 
the amplitude of the in-band component to 
which the loop is locked. If thesignal ampli¬ 
tude decreases, the phase difference be¬ 
tween the signal and the VCO must increase 
in order to maintain the same output voltage 
and, hence, the same frequency deviation. It 
often happens with low input amplitudes 
that even the full ±90° phase range of the 
phase detector cannot generate enough 
voltage to allow tracking wide deviations. 
When this occurs, the effective lock range is 
reduced. We must, therefore, give up some 
tracking capability and accept greater 
phase errors if the input signal is weak. 
Conversely, a strong input signal will allow 
us to use the entire VCO swing capability 
and keep the VCO phase (referred to the 
input signal) very close to 90° throughout 
the range. Note that tracking range does not 
depend on the low pass filter. However, if a 
low pass filter is in the loop, it will have the 
effect of limiting the maximum rate at which 
tracking can occur. Obviously, the LPF 
capacitor voltage cannot change instantly, 
so lock may be lost when large enough step 
changes occur. Between the constant fre¬ 
quency input and the step-change frequen¬ 
cy input issome limiting frequency slew rate 
at which lock is just barely maintained. 
When tracking at this rate, the phase differ¬ 
ence is at its limitof Oor 180°. It can be seen 
that if the LPF cutoff frequency is low, the 
loop will be unable to track as fast as if the 
LPF cutoff frequency is higher. Thus, when 
maximum tracking rate is needed, the LPF 
should have a high cutoff frequency. How¬ 
ever, a high cutoff frequency LPF will atten¬ 


uate the sum frequencies to a lesser extent 
so that our outputcontainsasignificantand 
often bothersome signal at twice the input 
frequency. (Remember that the multiplier 
forms both the sum and difference frequen¬ 
cies. During lock, the difference frequency 
is zero, but the sum frequency of twice the 
locked frequency is still present.) This sum 
frequency component can then be filtered 
out with an external low pass filter. 

Capture Range Control 

There are two main reasons for making the 
low pass filter time constant large. First, a 
large time constant provides an increased 
memory effect in the loop so that it remains 
at or near the operating frequency during 
momentary fading or loss of signal. Second, 
the large time constant integrates the phase 
detector output so that increased immunity 
to noise and out-band signals is obtained. 

Besides the lower tracking rates attendant 
to large loop filters, other penalties must be 
paid for the benefits gained. The capture 
range is reduced and the capture transient 
becomes longer. Reduction of capture 
range occurs because the loop must utilize 
the magnitude of the difference frequency 
component at the phase detector to drive 
the VCO towards the input frequency. If the 
LPF cutoff frequency is low, the difference 
component amplitude is reduced and the 
loop cannot swing as far. Thus, the capture 
range is reduced. 

Choice of Input Level 

Whenever amplitude limiting of the in-band 
signal occurs, whether in the loop input 
stages or prior to the input, the tracking 
(lock) and capture range becomes inde¬ 
pendent of signal amplitude. 

Better noise and out-band signal immunity 
is achieved when the input levels are below 
the limiting threshold since the input stage 
is in its linear region and the creation of 
cross-modulation components is reduced. 
Higher input levels will allow somewhat 
faster operation due to greater phase 
detector gain and will result in a lock range 
which becomes constant with amplitude as 
the phase detector gain becomes constant. 
Also, high input levels will result in a linear 
phase versus frequency characteristic. 

Lock-Up Time and Tracking Speed 
Control 

In tracking applications, lock-up time is 
normally of little consequence, but occa¬ 
sions do arise when it is desirable to keep 
lock-up time short to minimize data loss 
when noise or extraneous signals drive the 
loop out of lock. Lock-up time is of great 
importance in tone decoder type applica¬ 


tions. Tracking speed is important if the 
loop is used to demodulate an FM signal. 
Although the following discussion dwells 
largely on lock-up time, the same comments 
apply to tracking speed. 

No simple expression is available which 
adequately describes the acquisition or 
lock-up time. This may be appreciated when 
we review the following factors which 
influence lock-up time. 

a. Input phase 

b. Low pass filter characteristic 

c. Loop damping 

d. Deviation of input frequency from center 
frequency 

e. In-band input amplitude 

f. Out-band signals and noise 

g. Center frequency 

Fortunately, it is usually sufficient to know 
how we can improve the lock-up time and 
what we must tradeoff to get faster lock-up. 
Suppose we have set up a loop or tone 
decoder and find that occasionally the lock¬ 
up transient is too long. What can be done to 
improve the situation—keeping in mind the 
factors that influence lock? 

a. Initial phase relationship between incom¬ 
ing signal and VCO —This is the greatest 
single factor influencing the lock time. If 
the initial phase is wrong, it first drives the 
VCO frequency away from the input 
frequency so that the VCO frequency 
must walk back on the beat notes. Figure 
9-13 gives a typical distribution of lock¬ 
up times with the input pulse initiated at 
random phase. The only way to over¬ 
come this variation is to send phase 
information all the time so that a favor¬ 
able phase relationship is guaranteed att 
= 0. For example, a number of PLLs or 
tone decoders may be weakly locked to 
low amplitude harmonics of pulse train 
and the transmitted tone phase-related to 
the same pulse train. Usually, however, 
the incoming phase cannot be con¬ 
trolled. 

b. Low pass filter — The larger the low pass 
filter time constant, the longer will be the 
lock-up time. We can reduce lock-up time 
by decreasing the filter time constant, but 
in doing so, we sacrifice some of the 
noise immunity and out-band signal 
rejection which caused us to use a large 
filter in the first place. We must also 
accept a sum frequency (twice the VCO 
frequency) component at the low pass 
filter and greater phase jitter resulting 
from out-band signals and noise. In the 
case of the tone decoder (where control 
of the capture range is required since it 
specified the device bandwidth) a lower 
value of low pass capacitor automatically 
increases the bandwidth. We gain speed 
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only at the expense of added bandwidth, 

c. Loop damping—Loop damping for a sim¬ 
ple time constant low pass filter is: 

(Equation 9-22) 



Damping can be increased not only by 
reducing r, as discussed above, but also 
by reducing the loop gain Kv. By using the 
loop gain reduction to control bandwidth 
or capture and lock range, we achieve 
better damping for narrow bandwidth 
operation. The penalty for this damping 
is that more phase detector output is 
required for a given deviation so that 
phase errors are greater and noise 
immunity is reduced. Also, more input 
drive may be required for a given devia¬ 
tion. 

d. Input frequency deviation from free- 
running frequency—Naturally, the fur¬ 
ther an applied input signal is from the 
free-running frequency of the loop, the 
longer it will take the loop to reach that 
frequency due to the charging time of the 
low pass filter capacitor. Usually, how¬ 
ever, the effect of this frequency devia¬ 
tion is small compared to the variation 
resulting from the initial phase uncertain¬ 
ty. Where loop damping is very low, 
however, it may be predominant. 

e. In-band input amplitude—Since input 
amplitude is one factor in the phase 
detector gain Kd and since Kd is a factor 
in the loop gain Kv, damping is also a 
function of input amplitude. When the 
input amplitude is low, the lock-up time 
may be limited by the rate at which the 
low pass capacitor can charge with the 


reduced phase detector output (see d 
above). 

f. Out-band signals and noise—Low levels 
of extraneous signals and noise have very 
little effect on the lock-up time, neither 
improving or degrading it. However, 
large levels may overdrive the loop input 
stage so that limiting occurs, at which 
point the in-band signal starts to be 
suppressed. The lower effective input 
level can cause the lock-up time to in¬ 
crease, as discussed in e above. 

g. Center frequency—Since lock-up time 
can be described in terms of the number 
of cycles to lock, fastest lock-up is 
achieved at higher frequencies. Thus, 
whenever a system can be operated at a 
higher frequency, lock will typically take 
place faster. Also, In systems where 
different frequencies are being detected, 
the higher frequencies on the average 
will be detected before the lower frequen¬ 
cies. However, because of the wide 
variation due to initial phase, the reverse 
may be true for any single trial. 

PLL MEASUREMENT 
TECHNIQUES 

This section deals with user measurements 
of PLL operation. The techniques suggest¬ 
ed are meant to help the user in evaluating 
the performance of his PLL during the initial 
setup period as well as to point out some 
pitfalls that may obscure loop evaluation. 
Recognizing that the user’s test equipment 
may be limited, we have stressed the 
techniques which require a minimum of 
standard test items. 

Center Frequency 

Center frequency measurements are easily 


made by connecting a frequency counter or 
oscilloscope to the VCO output of the loop. 
The loop should be connected in its final 
configuration with the chosen values of 
input, bypass and low pass filter capacitors. 
No input signal should be present. As the 
center frequency is read out, it can be 
adjusted to the desired value by the adjust¬ 
ment means selected forthe particular loop. 
It is Important not to make the frequency 
measurement directly at the timing capaci¬ 
tor unless the capacity added by the 
measurement probe is much less than the 
timing capacitor value since the probe 
capacity will then cause a frequency error. 

When the frequency measurement is to be 
converted to a dc voltage for production 
readout or automated testing, a calibrated 
phase locked loop can be used as a 
frequency meter (see Applications Section). 

Capture and Lock Range 

Figure 9-14a shows a typical measurement 
setup for capture and lock range measure¬ 
ments. The signal input from a variable 
frequency oscillator is swept linearly 
through the frequency range of interest and 
the loop FM output is displayed on a scope 
or (at lower frequencies) X-Y recorder. The 
sweep voltage is applied to the X axis. 

Figure 9-14b shows the type of trace which 
results. The lock range (also called hold-in 
or tracking range) is given by the outer lines 
on the trace, which are formed as the 
incoming frequency sweeps away from the 
center frequency. The inner trace, formed 
as the frequency sweeps toward the center 
frequency, designates the capture range. 
Linearity of the VCO is revealed by the 
straightness of the trace portion within the 
lock range. The slope (Af/AV) is the gain or 
conversion factor for the VCO. 

By using the sweep technique, the effect on 
center frequency, capture range and lock 
range of the input amplitude, supply volt¬ 
age, low pass filter and temperature can be 
examined. 

Because of the lock-up time duration and 
variation, the sweep frequency must be very 
much lower than the center frequency, 
especially when the capture range is below 
10% of center frequency. Otherwise, the 
apparenf capture and lock range will be a 
function of sweep frequency. It is best to 
start sweeping as slow as possible and, if 
desired, increase the rate until capture 
range begins to show an apparent 
reduction—indicating that the sweep is too 
fast. Typical sweep frequencies are in the 
range of 1/1000 to 1/100,000 of the center 
frequency. In the case of the 561 and 567, 
the quadrature detector output may be 
similarly displayed on the Y axis, as shown 
in Figure 9-15, showing the output level 
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CAPTURE AND LOCK RANGE 
MEASUREMENT SETUP 



Figure 9-14a 



PHASE DETECTOR OUTPUTS 
vs FREQUENCY 



Figure 9-15 


versus frequency for one value of input 
amplitude. 

Capture and lock range measurements may 
also be made by sweeping the generator 
manually through the band of interest. 
Sweeping must be done very slowly as the 
edges of the capture range are approached 
(sweeping toward center frequency) or the 
lock-up transient delay will cause an error in 
reading the band edge. Frequency should 
be read from the generator rather than the 
loop VCO because the VCO frequency 
gyrates wildly around the center frequency 
just before and after lock. Lock and unlock 
can be readily detected by simultaneously 
monitoring the input and VCO signals, the 
dc voltage at the low pass filter or the ac beat 
frequency components at the low pass filter. 
The latter are greatly reduced during lock as 
opposed to frequencies just outside of lock. 

FM and AM Demodulation 
Distortion 

These measurements are quite straightfor¬ 
ward. The loop is simply setup for FM or AM 
(561 or 567) detection and the test signal is 
applied to the input. A spectrum analyzer or 
distortion analyzer (HP 333A) can be used to 
measure distortion at the FM or AM output. 

For FM demodulation, the input signal 
amplitude must be large enough so that lock 
is not lost at the frequency extremes. The 
data sheets give the lock (or tracking) range 
as a function of input signal and the optional 
range control adjustments. Due to the 
inherent linearity of the VCOs, it makes little 
difference whether the FM carrier is at the 
free-running frequency or offset slightly as 
long as the tracking range limits are not 
exceeded. 

The faster the FM modulation in relation to 
the center frequency, the lower the value of 
the capacitor in the low pass filter must be 
for satisfactory tracking. As this value 
decreases, however, it attentuates the sum 


frequency component of the phase detector 
output less. The demodulated signal will 
appear to have greater distortion unless this 
component is filtered out before the distor¬ 
tion is measured. The same comment 
applies to the measurement of AM distor¬ 
tion on the 561. 

When AM distortion is being measured, the 
carrier frequency offset becomes more 
important. The lowest absolute value of 
carrier voltage at the modulation valleys 
must be high enough to maintain lock at the 
frequency deviation present. Otherwise, 
lock will periodically be lost and the 
distortion will be unreasonable. For exam¬ 
ple, the typical tracking range as a function 
of input signal graph in the 561 data sheet 
gives a total 3% tracking range at 0.3mVrms 
input. Thus, for a carrier deviation of 1.5%, 
the carrier must not drop below 0.3Vrms in 
the modulation valleys. Naturally, the AM 
amplitude must not be too high or the AM 
information will be suppressed. 


Natural Frequency (cun) 

Expressions for the natural frequency in 
terms of the loop gains and filter parameters 
are given in Table 9-2. 

Expressions for cup and ^ in 
Second Order Loop 

The natural frequency (wn) of a loop in its 
final circuit configuration can be measured 
by applying a frequency modulated signal 
of the desired amplitude to the loop (Table 
9-2 shows that the natural frequency is a 
function of Kd, in turn a function of input 
amplitude). As the modulation frequency 
(tom) is increased, the phase relationship 
between the modulation and recovered sine 
wave will go through 90° at Sm = con and the 
output amplitude will peak. 

Damping {0 

As shown in Table 9-2 in the discussion on 
low pass filter, damping is a function of Ko, 
Kd and the low pass filter. SinceKoand kdare 
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functions of center frequency and input 
amplitude, respectively, damping is highly 
dependent on the particular operating 
condition of the loop. Damping estimates 
for the desired operating condition can be 
made by applying an input signal which is 
frequency modulated within the lock range 
by a square wave. The low pass filter voltage 
Is then monitored on an oscilloscope which 
Is synchronized to the modulating wave¬ 
form, as shown in Figure 9-16. Figure 9-17 
shows typical waveforms displayed. The 
loop damping can be estimated by compar¬ 
ing the number and magnitude of the 
overshoots with the graph of Figure 9-18, 
which gives the transient phase error due to 
a step in Input frequency. 

Another way of estimating damping is to 
make use of the frequency response plot 
measured for the natural frequency (wn) 
measurement. For low damping constants, 
the frequency response measurement peak 
will be a strong function of damping. For 
high damping constants, the 3dB-down 
point will give the damping. Table 9-3 gives 
the approximate relationship. 


EXPRESSIONS FOR o^pand { IN SECOND ORDER LOOP 
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ESTIMATING DAMPING FROM 
MODULATING FREQUENCY 
(com) RESPONSE 


c 

PEAK AMPLITUDE 

LOW FREQUENCY 
AMPLITUDE 

CO - 3dB 

con 

.3 

6.0dB 

1.8 

.5 

3.2dB 

2.1 

.7 

2.2dB 

2.5 

1.0 

1.3dB 

4.3 

5.0 

.5dB 

10 


Table 9-3 


Noise Effects 

The effect of input noise on loop operation 
is very difficult to predict. Briefly, the input 
noise components near the center frequen¬ 
cy are converted to phase noise. When the 
phase noise becomes so great that the ±90° 
permissible phase variation is exceeded, the 
loop drops out of lock or fails to acquire 
lock. The best technique is to actually apply 
the anticipated noise amplitude and band¬ 
width to the input and then perform the 
capture and lock range measurements as 
well as perform operating tests with the 
anticipated input level and modulation devi¬ 
ations. By including a small safety factor in 
the loop design to compensate for small 
processing variations, satisfactory opera¬ 
tion can be assured. 

Simplified Measurement 
Equipment 

The majority of the PLL tests described can 
be done with a signal generator, a scope and 
a frequency counter. Most laboratories have 


these. A low-cost digital voltmeter will facili¬ 
tate accurate measurement of the VCO 
conversion gain. Where the need for a FM 
generator arises, it may be met in most 
cases by the VCO of a Signetics PLL. (See 
the applications in this section.) Any of the 
loops may be set up to operate as a VCO by 
simply applying the modulating voltage to 
the low pass filter terminal(s). The resulting 
generator may be checked for linearity by 
using the counter to check frequency as a 
function of modulating voltage. Since the 
VCOs may be modulated right down to dc, 
the calibration may be done in steps. More¬ 
over, Gardner* shows how loop measure¬ 
ments may be made by applying a constant 
frequency to the loop input and the modu¬ 
lating signal to the low pass filter terminal to 
simulate the effect of a FM input so that a FM 
generator may be omitted for many meas¬ 
urements. 

‘See references 

SIGNETICS MONOLITHIC 
PHASE LOCKED LOOPS 

Detailed Description of 560N, 

561N and 562N, 564N 

The 560N, 561N and 562N phase locked 
loops are all derived from the same mono¬ 
lithic die with different metal interconnec¬ 
tions. Each device contains the same VCO, 
phase detector and voltage regulator stage 
and, hence, the basic loop parameters are 
the same for all three circuits. 

The 560N is the most fundamental of the 
three circuits, having a block diagram 
equivalent to that shown in Figure 9-1. The 
actual circuit diagram is shown in Figure 9- 
19. 


The VCO is a high frequency emitter- 
coupled multivibrator formed by transistors 
Q11-Q14. It operates from a regulated 7.7V 
supply formed by 6.3V supply formed by 
Zener diode CR1 (a reverse-biased base- 
emitter junction) in series with the 14V regu¬ 
lated supply. The VCO frequency is thus 
immune from supply voltages variations. 
Four constant current sources formed by 
020, Q21, Q23, Q24, and biased by CR6 and 
CRT supply operating current for the VCO. 
Voltage control of the frequency is achieved 
by a differential amplifier, Q22 and Q25. As 
the base voltage of Q22 increases with 
respect to the base voltage of Q25, addition¬ 
al current is supplied to the emitters of 012 
and 013, increasing the charge and dis¬ 
charge current of the timing capacitor Co, 
increasing the VCO frequency. Reducing 
the base voltage of 022 with respect to 025 
similarly reduces the VCO frequency. Two 
Zener diodes and two transistors, CR4, 
CR5, 05 and 010, respectively, provide 
level shifting which allows the VCO to be 
driven by the outputs of the phase detector. 

The phase detector is a doubly-balanced 
multiplier formed by transistors 06-09,017 
and 018. Signal input is made to the lower 
stage, biased at about 4V by means of 2kn 
base resistors. The upper stage is biased 
and driven directly by the VCO output taken 
from the collector resistors of 012 and 013. 
A differential output signal is available be¬ 
tween the collectors of 06 (and 08) and 07 
(and 09). An external network, together with 
the 6k collector resistors, comprises the low 
pass filter. The phase detector is operated 
from regulated 14V appearing at the emitter 
of 027. A resistor in the collector of 025 can 
be shunted with an external capacitor to 
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SCHEMATIC DIAGRAM OF 560N 



form a de-emphasis filter. The de- 
emphasized signal is buffered by emitter 
follower Q19 before being brought out. 

The Track Range input, pin 7 on all three 
loops, allows the user to control the total 
current flowing through the frequency con¬ 
trolling differential amplifier Q22, Q25. This 
is done by controlling effective emitter re¬ 
sistance of Q29, the current source for Q22, 
Q25. Current may be added orsubtracted at 
pin 7 to, respectively, reduce or increase the 
tracking range. 

The 561, shown in Figure 9-20, contains all 
of the circuitry of the 560 and in addition, 
has a quadrature phase comparator. This 
enables it to be used as a synchronous AM 
detector. The quadrature phase detector 
consists of transistors Q1-Q4and Q15, Q16 
which are biased and driven in the same 
manner as the loop phase detector. How¬ 
ever, the quadrature detector input is single 
ended rather than differential (as the loop 


phase detector input) and the external 90° 
phase shift network is required to provide 
the proper phase relations. The demodulat¬ 
ed AM output is brought out at pin 1. 

The 562, shown in Figure 9-21, is basically 
the same as the 560 except that the loop is 
broken between the VCO and phase com¬ 
parator. This allows a counter to be inserted 
in the loop for frequency multiplication 
applications. Transistors Q1-Q4 provide 
low impedance differential VCO outputs 
(pins 3 and 4), and the upper stage phase 
detector inputs are brought out of the 
package (pins 2 and 15). A bias voltage is 
brought out through pin 1 to provide a 
convenient bias level for the upper stage of 
the phase detector. 

Interfacing 

Connection of the Signetics 560N and 561N 
phase locked loops to external input and 


output circuitry is readily accomplished: 
however, as with any electrical system, 
there are voltage, current and impedance 
limitations that must be considered. 

The inputs of the phase comparators in the 
560N, 561N and 562N and the AM detector 
in the 561N are biased internally from a +4 
volt supply; therefore, the input signals 
must be capacitively coupled to the PLL to 
avoid interfering with this bias. These 
coupling capacitors should be selected to 
give negligible phase shift at the input 
frequency and impedance of the PLL. (The 
capacitive impedance at the operating 
frequency should be as small as possible, 
compared to the input resistance of the 
PLL.) 

The input resistance of the phase compara¬ 
tor is 2000n single-ended , and 40000 when 
differentially connected. The input resist¬ 
ance of the AM detector is 30000. The signal 
input to the phase comparator may be ap- 
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SCHEMATIC DIAGRAM OF 561N 



Figure 9-20 


plied differentially if there is a common 
mode noise problem; however, in most 
applications, a single-ended input will be 
satisfactory. When inputs are not used 
differentially, the unused input may be ac- 
coupled to ground to double the phase 
detector gain at low input amplitudes. 

The amplitude of the input signal should be 
adjusted to give optimum results with the 
PLL. Signals of less than 0.2mVrms may 
have an unsatisfactory signal-to-noise ratio; 
signals exceeding 25mVrms will have re¬ 
duced AM rejection (less than 30dB). The 
AM detector will handle input signals up to 
200mV peak-to-peak without excessive 
distortion, and will handle up to 2\/ peak-to- 
peak where distortion is not a factor. 

Interfacing of the available outputs is best 
described by referring to the following dia¬ 
grams. Figure 9-22 shows the PLL VCO 
output as a clock circuit for logic pulse 
synchronization. Figures 9-22a and 9-22b 
show the 560N and 561N, respectively, con¬ 
nected directly to the clock circuit; however. 


this configuration may be limited by low 
voltage and the possibility of too large a 
capacitive load swamping the oscillator. 
Figures 9-22c and 9-22d show the PLL clock 
output for the 560N and 561N, respectively, 
using the AtA710 Voltage Comparator as a 
buffer amplifier to provide an output voltage 
swing suitable for driving logic circuits. The 
power supply for circuits utilizing the/xA710 
is split (+12 and -6V dc). 

In Figure9-23a the 560N is a FM demodula¬ 
tor used for the detection of audio informa¬ 
tion on frequency modulated carriers. Since 
the lower frequency limit of this type of 
information is approximately 1Hz, capaci¬ 
tive coupling may be used. However, in 
some applications where carrier shifts 
occur at an extremely slow rate, direct 
coupling from the output to load is neces¬ 
sary. Figure 9-23b shows an alternative FM 
detector output configuration which should 
be used if a different output is desirable. In 
this case, the output is removed at pins 14 
and 15. These pins are the terminals of the 


low pass filter and are in the line containing 
the demodulated signal. The signal level 
(single-ended) is about one-sixth of that at 
pin 9 so that additional amplification may be 
required. 

Additional receiving modes are illustrated in 
Figure 9-24 for the 561N only. Figure 9-24a 
shows the 561N output when used as an AM 
detector; note the straight capacitive cou¬ 
pling. Figure 9-24b shows the 561N used as 
a continuous wave detector. Since this ver¬ 
sion of the circuit is for the detection of CW 
or AM signals, external circuitry must be 
incorporated for use with CW inputs. With a 
CW input applied, there will be a dc shift at 
the output of the AM detector, pin 1. This 
shift is small compared to the no signal dc 
level and may be difficult to detect in rela¬ 
tion to power supply voltage changes. 
Therefore, a reference must be generated to 
track any power supply voltage variations 
and to compensate for internal PLL thermal 
drift. This is best accompanied by simulat¬ 
ing a portion of the PLL internal structure. 
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SCHEMATIC DIAGRAM OF 562N 

Vcc 



The 2N3565 npn transistor is used as a 
constant-current source. Its reference volt¬ 
age is obtained from an internal PLL bias 
source at pins 12 and 13, with the current 
level established by the 6.8k resistor. The 
6.2k resistor and the 2.5k potentiometer 
simulate the PLL output resistance. The 
differential amplifier, composed of two 
2N3638 pnp transistors, amplifies the dc 
output and allows it to drive a npn transistor 
referenced to ground. This type of circuit 
may also be used as a tone detector or to 
sense that the PLL is locked to an incoming 
signal. 

The 562 phase locked loop is especially 
designed for utilizing the output of the VCO. 
In this configuration, an amplifier-buffer 
has been added to the VCO to provide 
differential square wave outputs with a 4.5V 


amplitude (see block diagram Figure 9-25). 
This facilitates the utilization of the frequen¬ 
cy stabilized VCO as a timing or clocking 
signal. The outputs (pins 3 and 4) are 
emitter-followers and have no internal load 
resistors; therefore, external 3k to 12kn load 
resistors are required. 

It Is essential that the resistance from each 
pin to ground be equal In order to maintain 
output waveform symmetry and to minimize 
frequency drift. When locking the VCO out¬ 
put to the phase comparator (pins 3 to 2 for 
single-ended connection), capacitive cou¬ 
pling should be used. If a signal exceeding 
2V Is to be applied, a 1 kn resistor should be 
placed In series with the coupling capacitor. 
This resistor may be part of the load resist¬ 
ance of 12kn, by using two resistors (1k and 
11k) to form the VCO load, as shown in 


Figure 9-26. 

The output from the VCO is a minimum of 
3V peak-to-peak, but has an average level of 
12Vdc; that is, it oscillates from 10.5 to 
13.5V. To utilize this output with logic cir¬ 
cuits, some means of voltage level shifting 
must be used. Figures 9-27 and 9-28 show 
two methods of accomplishing level shift¬ 
ing. These circuits will operate satisfactorily 
to 20MHz. 

The phase comparator Inputs of the 562N 
(pins 2 and 15) must be biased by connect¬ 
ing a Ikfl resistor from each pin to the 8V 
bias supply available at pin 1. Pin 1 should 
be capacitively bypassed to ground. The 
inputs to the phase comparator should be 
capacitively coupled. 
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FUNCTIONAL DESCRIPTION 

The NE564 is a monolithic phase locked 
loop with a post detection processor. The 
equivalent circuit of the NE564 is shown in 
Figure 9-28a. The use of Schottky clamped 
transistors and optimized device geome¬ 
tries extends the frequency of operation to 
50MHz. In addition to the classical PLL 
applications, the NE564 can be used as a 
modulator with a controllable frequency 
deviation. 

The output voltage of the PLL can be written 
as shown in the following equation: 

, (Equation 9-23) 

Vo = (fin - fo) 

Kvco 


Kvco= conversion gain of the VCO 
fin = frequency of the input signal 
fo = free running frequency of the VCO 


The process of recovering FSK signals 
involves the conversion of the PLL output 
into digital, logic compatible signals. For 
high data rates, a considerable amount of 
carrier will be present at the output due to 
the use of complicated filters, a comparator 
with hysteresis or Schmitt trigger is re¬ 
quired. With the conversion gain of the VCO 
fixed, the output voltage as given by 
Equation 9-23 varies according to the 
frequency deviation of fin from fo. Since this 
differs from system to system, it is neces¬ 
sary that the hysteresis of the Schmitt 
trigger be capable of being changed, so that 
it can be optimized for a particular system. 
This is accomplished in the 564 by varying 
the voltage at pin 15 which results in a 
change of the hysteresis of the Schmitt 
trigger. 


For FSK signals, an important factor to be 
considered is the drift in the free running 
frequency of the VCO itself. If this changes 
due to temperature, according to Equation 
9-23 it will lead to a change in the dc levels of 
the PLL output, and consequently to errors 
in the digital output signal. This is especially 
true for narrow band signals where the 
deviation in fin itself may be less than the 
change in fo due to temperature. This effect 
can be eliminated if the dc or average value 
of the signal is retrieved and used as the 
reference to the comparator. In this manner, 
variations in the dc levels of the PLL output 
do not affect the FSK output. 


VCO Section 

Due to its inherent high frequency perform¬ 
ance, an emitter coupled oscillator is used 
in the VCO. In the circuit, shown in the 
equivalent schematic, transistors Q21 and 
Q23 with current sources Q25 - Q26 form 
the basic oscillator. The free running 
frequency of the oscillator is shown in the 
following equation: 


(Equation 9-24) 

, = 1 
16RcC1 

Rc= R19 = R20 

C1= frequency setting external capacitor 

Variation of Vq changes the frequency of the 
oscillator. As indicated by Equation 9-24, 
the frequency of the oscillator has a nega¬ 
tive temperature coefficient due to the 
positive temperature coefficient of the 
monolithic resistor. To compensate for this, 
a current Ir with negative temperature 
coefficient is introduced to achieve a low 
frequency drift with temperature. 

Phase Comparator Section 

The phase comparator consists of a double 
balanced modulator with a limiter amplifier 
to improve AM rejection. Schottky clamped 
vertical PNPs are used to obtain TTL level 
inputs. The loop gain can be varied chang¬ 
ing the current Q4 and Q15 which effective¬ 
ly changes the gain of the differential 
amplifiers. This can be accomplished by 
introducing a current at pin 2. 

Post Detection Processor 
Section 

The post detection processor consists of a 
unity gain transconductance amplifier and 
comparator. The amplifier can be used as a 
dc retriever for demodulation of FSK 
signals, and as a post detection filter for 
linear FM demodulation. The comparator 
has adjustable hysteresis so that phase jitter 
in the output signal can be eliminated. 

As shown in the equivalent schematic, the 
dc retriever is formed by the transconduct¬ 
ance amplifier Q42 - Q43 with a capacitor at 
the output (pin 14). This forms an integrator 
whose output voltage is shown in the 
following equation: 

(Equation 9-25) 

Vo = ^JviN dt 

gm= transconductance of the amplifier 

C2= capacitor at the output (pin 14) 

ViN= signal voltage at amplifier input 

With proper selection of C2, the integrator 
time constant can be varied so that the 
output voltage is the dc or average value of 
the input signal for use in FSK, or as a post 
detection filter in linear demodulation. 

The comparator with hysteresis is made up 
of Q49 - Q50 with positive feedback being 
provided by Q47 - Q48. The hysteresis is 
varied by changing the current in Q52 with a 
resulting variation in the loop gain of the 
comparator. This method of hysteresis 
control, which is a dc control, provides 
symmetric variation around the nominal 
value. 


Design Formula 

Free running frequency of VCO is shown by 
the following equation: 

(Equation 9-26) 

Rc= loon 

C1= external cap in farads 

The loop filter diagram shown is explained 
by the following equation: 

(Equation 9-27) 

" 1 + sRC3 

R =R12 + R13+1.3kn 


LOOP FILTER 



FM DEMODULATOR 

The NE564 can be used as an FM demodula¬ 
tor. The connections for operation at 5V and 
12V are shown in Figures 9-29 and 9-30 
respectively. The input signal is ac coupled 
with the output signal being extracted at pin 
14. Loop filtering is provided by the capaci¬ 
tors at pins 4 and 5 with additional filtering 
being provided by the capacitor at pin 14. 
Since the conversion gain of the VCO is not 
very high, to obtain sufficient demodulated 
output signal the frequency deviation in the 
input signal should be fairly high (1% or 
higher). 

FM DEMODULATOR WITH TTL 
COMPATIBLE OUTPUT SIGNAL 

An FM demodulator with the output signal 
being a TTL signal can be obtained from the 
NE564 by connecting it as shown in Figure 
9-31. This operation requires the use of the 
dc retriever, the capacitance for which is 
connected at pin 14. The hysteresis of the 
Schmitt trigger can be adjusted by connect¬ 
ing a potentiometer at pin 15. The output 
signal appears at pin 16, which requires an 
external resistor. If necessary, the duty cy¬ 
cle of the output signal can be adjusted by 
applying a voltage at pin 14 (around 2.5V) 
and varying it. The connection for a similar 
application appears in Figure9-32. 
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GATED PLL DEMODULATOR 

The lock range adjust pin of the NE564 can 
be used to gate the PLL when it is operating 
in the demodulator mode. The circuit is 
connected as shown in Figure 9-33. The 
gating voltage which can be a TTL signal is 
applied to pin 2. When this voltage is high, 
the loop is in lock and the demodulated 
output signal appears at pin 16. When the 
input to pin 2 is low, the loop is out of lock 
and the VCO will be at its center frequency. 
It is also possible to use pin 2 to adjust the 
loop gain so that a large capture range and 
small lock range can be obtained. 


MODULATION TECHNIQUES 

The NE564 phase locked loop can be modu¬ 
lated at either the loop filter ports (pins 4 and 
5) or the input port (pin 6) as shown in Figure 
9-34. The approximate modulation frequen¬ 
cy can be determined from the frequency 
conversion gain curve shown in Figure 9-35. 
This curve will be appropriate for signals 
injected into pins 4 and 5. 

FREQUENCY SYNTHESIS 

Frequency multiplication can be achieved 
with the NE564 with the insertion of a coun¬ 
ter (digital frequency divider) in the loop. 


A block diagram is shown in Figure 9-36 and 
the associated performance characteristic 
curve in Figure 9-35. Here the loop is broken 
between the VCO and the phase compara¬ 
tor and a counter is inserted. In this case, the 
fundamental of the divided VCO frequency 
is locked to the input frequency so that the 
VCO is actually running at a multiple of the 
input frequency. The amount of multiplica¬ 
tion is determined by the counter. An obvi¬ 
ous practical application of this multiplica¬ 
tion property is the use of the NE564 in wide 
range frequency synthesizers. 


FM DEMODULATOR AT 5V 


FM DEMODULATOR AT 12V 




Figure 9-30 


FM DEMODULATOR WITH TTL 
COMPATIBLE DEMODULATED OUTPUT 
SIGNAL 


5V 



Figure 9-31 


12V DEMODULATOR WITH DIGITAL 
OUTPUT 


INPUT 
fc = 5MHz 
fm = 1kHz 



HYSTERISIS 

ADJUST. 


-iDC RETRIEVER CAP 


Figure 9-32 
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In frequency multiplication applications it is 
important to take into account that the 
phase comparator is actually a mixer and 
that its output contains sum and difference 
frequency components. The difference fre¬ 
quency component is dc and is the error 
voltage which drives the VCO to keep the 
NE564 in lock. The sum frequency compo¬ 
nents (of which the fundamental is twice the 
frequency of the input signal) if not well 
filtered, will induce incidental FM on the 
VCO output. This occurs because the VCO 
is running at many times the frequency of 
the input signal and the sum frequency 



component which appears on the control removethis sum frequency component. The 
voltage to the VCO causes a periodic varia- tradeoff, of course, is a reduced capture 

tionof its frequency about the desired multi- range and a more underdamped loop tran- 

ple. For frequency multiplication it is gener- sient response, 
ally necessary to filter quite heavily to 
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DETAILED DESCRIPTION OF 565 

The 565 is a general purpose PLL designed 
to operate at frequencies below 1MHz. 
Functionally, the circuit is similar to the 562 
in that the loop is broken between the VCO 
and phase comparator to allow the insertion 
of a counter for frequency multiplication 
applications. With the 565, it is also possible 
to break the loop between the output of the 
phase comparator and the control terminal 
of the VCO to allow additional stages of gain 
or filtering. This is described later in this 
section. 

The VCO is made up of a precision current 
source and a non-saturating Schmitt trig¬ 
ger. In operation, the current source alter¬ 
nately charges and discharges an external 
timing capacitor between two switching 
levels of the Schmitt trigger, which in turn 
controls the direction of current generated 
by the current source. 

A simplified diagram of the VCO is shown in 
Figure 9-37. \^ is the charging current creat¬ 
ed by the application of the control voltage 
Vc. In the initial state, Q3 is off and the 
current li charges capacitor C1 through the 
diode D2. When the voltage on C1 reaches 
the upper triggering threshold, the Schmitt 
trigger changes state and activates the tran¬ 
sistor Q3. This provides a current sink and 


essentially grounds the emitters of Q1 and 
Q2 to become reverse biased. The charging 
current h now flows through D1, Q1 andQ3 
to ground. Since the base-emitter voltage of 
Q2 is the same as that of Q1, an equal 
current flows through Q2. This discharges 
the capacitor C1 until the lower triggering 
threshold is reached at which point the 
cycle repeats itself. Because the capacitor 
C1 is charged and discharged with the 
constant current h, the VCO produces a 
triangle wave form as well as the square 
wave output of the Schmitt trigger. 

The actual circuit is shown in Figure 9-38. 
Transistors Q1-Q7 and diodes D1-D3 form 
the precision current source. The base of 
Q1 is the control voltage input to the VCO. 
This voltage is transferred to pin 8 where it is 
applied across the external resistor R1. This 
develops a current through R1 which enters 
pin 8 and becomes the charging current for 
the VCO. With the exception of the negligi¬ 
ble 01 base current, all the current that 
enters pin 8, appears at the anodes of diodes 
D2 and D3. When 08 (controlled by the 
Schmitt trigger) is on, D3 is reverse biased 
and all the current flows through D2 to the 
duplicating current source Q5-Q7, R2-R3 
and appears as the capacitor discharge 
current at the collector of Q5. When 08 is 
off, the duplicating current source Q5-Q7, 


SIMPLIFIED DIAGRAM OF 565 VCO 



R2-R3 floats and the charging current 
passes through D3 to charge Cl. 

The Schmitt trigger (Oil, 012) is driven 
from the capacitor triangle wave form by the 
emitter follower 09. Diodes D6-D9 prevent 
saturation of Oil and 012, enhancing the 
switching speed. TheSchmitttriggeroutput 


SCHEMATIC DIAGRAM OF 565 



Figure 9-38 
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is buffered by emitter follower Q13 and is 
brought out to pin 4, and is also connected 
back to the current source by the differential 
amplifier (Q14-Q16). 

When operated from dual symmetrical sup¬ 
plies, the square wave on pin 4 will swing 
between a low level of slightly (0.2\/) below 
ground to a high level of one diode voltage 
drop (0.7V) below positive supply. The tri¬ 
angle wave form on pin 9 is approximately 
centered between positive and negative 
supply and has an amplitude of 2V with 
supply voltages of ±5V. The amplitude of 
the triangle waveform is directly proportion¬ 
al to the supply voltages. 

The phase detector is again of the doubly- 
balanced modulator type. Transistors Q20 
and Q24 form the signal input stage, and 
must be biased externally. If dual symmetri¬ 
cal supplies are used, it is simplest to bias 
Q20 and Q24 through external resistors to 
ground. The switching stage Q18, Q19, Q22 
and Q23 is driven from the Schmitt trigger 
via pin 5 and D11. Diodes D12 and D13 limit 
the phase detector output, and differential 
amplifier Q26 and Q27 provides increased 
loop gain. 

The loop low pass filter is formed with an 
external capacitor (connected to pin 7) and 
the collector resistance R24 (typically 
3.6kn). The voltage on pin 7 becomes the 
error voltage which is then connected back 
to the control voltage terminal of the VCO 
(base of Q1). Pin 6 is connected to a tap on 
the bias resistor string and provides a refer¬ 
ence voltage which is normally equal to the 
output voltage on pin 7. This allows differ¬ 
ential stages to be both biased and driven by 
connecting them to pins 6 and 7. 

The free-running center frequency of the 
565 is adjusted by means of R1 and C1 and is 
given approximately by 


(Equation 9-28) 

f 

° 4R1C1 

When the phase comparator is in the limit¬ 
ing mode (Vin> 200mVp-p), the lock range 
can be calculated from the expression: 

(Equation 9-29) 


2a>L ~ 2KoKciA0cl 

where Ko is the VCO conversion gain, Kd is 
the phase detector gain factor, A is the 
amplifier gain and dd is the maximum phase 
error over which the loop can remain in lock. 

(Equation 9-30) 

Ko =fr^ radians/sec/volt 
Vcc 


(where fo is the free-running frequency of 
the VCO and Vcc is the total supply voltage 
applied to the circuit.) 

(Equation 9-31) 

volts/radian 

A = 1.4 

dd = radians 

The lock range for the 565 then becomes: 

(Equation 9-32) 

, ^ Hz 

*- 27r Vcc 


to each side of the center frequency, or a 
total range of: 

(Equation 9-33) 

2 f, - Hz 
Vcc 

The capture range, over which the loop can 
acquire lock with the input signal is given 
approximat^by: (Equation 9-34) 

where wl is the one-sided lock range 

cuL = 27rfL 

and r is the time constant of the loop filter 
r=RC 2 

with R = 3.6Kn. 

This can be written as: 

(Equation 9-35) 

fcs±-L,/^ = ±-!—./sgrfo 
2 Tr \j T 2 tt y Veer 


to each side of the center frequency of a 
total capture range of: 


fc 




327rf0 

rVee 


(Equation 9-36) 


This approximation works well for narrow 
capture ranges (fc = 1/3fL) but becomes too 
large as the limiting case is approached (fc = 
fL). 


DETAILED DESCRIPTION OF 566 

The 566 is the voltage controlled oscillator 
Dortion of the 565. The basic die is the same 
as that of the 565; modified metalization is 
used to bring out only the VCO. The 566 
circuit diagram is. shown in Figure 9-39. 
Transistor Q18 has been a buffered triangle 
waveform output. (The triangle waveform is 
available at capacitor Cl also, but any cur¬ 
rent drawn from pin 7 will alter the duty 
cycle and frequency.) The square wave 
output is available from Q19 by pin 4. The 
circuit will operate at frequencies up to 
1 MHz and may be programmed by the volt¬ 
age applied on the control terminal (pin 5), 
current injected into pin 6 orthevalueof the 
external resistor and capacitor (R1 and Cl). 


DETAILED DESCRIPTION 
OF 567 

The 567 is a PLL designed specifically for 
frequency sensing or tone decoding. Like 
the 561, the 567 has a controlled oscillator, a 
phase detector and a second auxiliary or 
quadrature phase detector. In addition, 
however, it contains a power output stage 
which is driven directly by the quadrature 
phase detector output. During lock, the 
quadrature phase detector drives the output 
stage on, so the device functions as a tone 
decoder or frequency relay. The tone de¬ 
coder center frequency and bandwidth are 
specified by the center frequency and cap¬ 
ture range of the loop portion. Since a tone 
decoder, by definition, responds to a stable 
frequency, the lock or tracking range is 
relatively unimportant except as it limits the 
maximum attainable capture range. 

The current controlled oscillator is shown in 
simplified form in Figure 9-40. It provides 
both a square wave output and a quadrature 
output. The control current Ic sweeps the 
oscillator ±7% of the center frequency, 
which is set by external components R1 and 
Cl. It operates as follows: 

Transistors Q1 through Q6 form a flip-flop 
which can switch pin 5 between Vbe and V+ - 
Vbe- Thus, the R1 Cl network is driven from a 
square wave of V+ - 2Vbe peak-to-peak 
volts. On the positive portion of the square 
wave. Cl is charged through R1 until Vi is 
reached. A comparator circuit driven from 
Cl at pin 6 then supplies a pulse which 
resets the flip-flop so that pin 5 switches to 
Vbe and Cl is discharged until V2 is reached. 
A second comparator then supplies a pulse 
which sets the flip-flop and Cl resumes 
charging. 

The total swing of the capacitor voltage, as 
determined by the comparator sensing volt¬ 
ages, is 

(Equation 9-37) 


Vi-V 2 = (V+-2Vbe) 


_ R22 + R23 _ 

R21 + R22 + R23 +R23 +R24 


= K (V+ -2Vbe) 


Due to the excellent matching of integrated 
resistors, the resistor ratio K may be consid¬ 
ered constant. Figure 9-41 shows the pin 5 
and pin 6 voltages during operation. It is 
obvious from the proportion that ti -l-t 2 is 
independent of the magnitude of V+ and 
dependent only on the time constant R1C1 
of the external components. Moreover, if (Vi 
+ V2)/2 = V+/2, then ti=t 2 and the duty 
cycle is 50%. Note that the triangular wave¬ 
form is phase shifted from the square wave. 
A differential stage (Q22 and Q23) amplifies 
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Figure 9-39 


the triangular wave with respect to (Vi and 
V2)/2 to provide the quadrature output. (Due 
to the exponential distortion of the triangle 
wave, the quadrature output is actually 
phase shifted about 80°, but no operating 
compromises result from this slight devia¬ 
tion from true quadrature.) 

One source of error in this oscillator scheme 
is current drawn by the comparators from 
the R1C1 mode. An emitter follower, there¬ 
fore, is inserted at X to minimize this drain 
and Q21 placed in series with Q20 to drop 
the comparator sensing voltage one Vbe to 
compensate for the Vbe drop in the emitter 
follower. 

LOOP GAIN CONSTANTS (Ko, 

Kd) 

Table 9-4 gives the gain constants (Ko, Kd) 
for the Signetics’ loops. The values given 
are for the standard connection with no gain 
reduction or tracking adjustment compo¬ 
nents connected. The dc amplifier gain A 
has been included in either the Ko or Kd 
value, depending on which side of the low 
pass filter terminals the gain is present. This 
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Figure 9-41 



causes no hardship in calculations since the 
loop gain Kv becomes simply KoKd. 

In order to insure that the square wave 
drops quickly and accurately to Vbe, an 
active clamp scheme is applied to the col¬ 
lector of Q2. The base of Q9 is held at 2Vbe 
so that as Q2 is turned on by its base cur¬ 
rent, its collector is held at Vbe- Because Q2 
and Q3 have the same geometry and their 
base-emitter voltages are the same, the 
maximum Q2 current when clamped is es¬ 
sentially the same as the collector current of 
Q3 (as limited by R5). The flip-flop was 
optimized for maximum switching speed to 
reduce frequency drift due to switching 
speed variations. 

Current control of the frequency is achieved 
by making R21 somewhat less than R24and 
restoring the proper voltage for 50% duty 
cycle by drawing Ic of 100^A for the R21, 
Q20 junction. When Ic is then varied be¬ 


tween 0 and 200juA, the frequency changes 
by ±7%. Because of the slight shift in the 
voltage levels Vi and V 2 with Ic, the square 
wave duty cycle changes from about 47% to 
about 53% over the control range. To avoid 
drift of center frequency with temperature 
and supply voltage changes when 

Ic ^ O, Ic is also made a function of V + -2Vbe- 

The CCO circuit is shown in the tone decod¬ 
er schematic diagram. Figure 9-42. 

A doubly-balanced multiplier formed by 
Q32 through Q37 (Figure 9-42) functions as 
the phase detector. The input signal is ap¬ 
plied to the base of Q32. Transistors Q34- 
Q37 are driven by a square wave taken from 
the CCO at the collector of Q2. Phase detec¬ 
tor input bias is provided by three diodes, 
Q38 through Q40, connected in series, as¬ 
suring good bias voltage matching from run 
to run. Emitter resistors R26 and R27, in 
addition to providing the necessary dynam¬ 
ic range at the input, help stabilize the gain 
over the wide tempefature range. 

The loop dc amplifier is formed by Q51 and 
Q52. Having a current gain of 8, it permits 
even a small phase detector output to drive 
the CCO the full ±7%. Therefore, full detec¬ 
tion bandwidth can be obtained for any in- 
band input signal greater than about 
70mVrms. However, the main purpose of 
high loop gain in the tone decoder is to keep 
the locked phase as close to 7r/2 as possible 


for all but the smallest input levels since this 
greatly facilitates operation of the quad¬ 
rature lock detector. Emitter resistors R36 
and R37 help to stabilize the gain over the 
required temperature range. Another 
function of the dc amplifier is to allow a 
higher impedance level at the low pass filter 
terminal (pin 2) so that a smaller capacitor 
can be used for a given loop cutoff fre¬ 
quency. Once again, emitter resistors help 
stabilize the loop gain over the temperature 
range. 

The quadrature phase detector (QPD), 
formed by a second doubly-balanced multi¬ 
plier Q42-Q47, is driven from the quad¬ 
rature output (E, F, in Figure 9-47) of the 
CCO. The signal input comes from the 
emitters of the input transistors Q32 and 
Q33. 

The output stage, Q53 through Q62, com¬ 
pares the average QPD current in the low 
pass output filter R3C3 with a temperature 
compensated current in R39 (forming the 
threshold voltage Vt). 

Since R3 is slightly lower in value than R39, 
the output stage is normally off. When the 
lock and the QPD current Iq occurs, pin 1 
voltage drops below the threshold voltage 
Vt and the output stage is energized. 

The uncommitted collector (pin 8) of the 
power npn output transistor can drive both 
100—200mA loads and logic elements, in¬ 
cluding TTL. 


Table 9-4 



*The dc amplifier gain A has been included in Ko or Kd, depending on which side of the 
LPF terminals the amplifier is located. 
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SCHEMATIC DIAGRAM OF 567 



EXPANDING LOOP CAPABILITY 

Low Pass Filter Circuits 
(560N, 561N and 562N) 

The low pass filters used with the 560N, 
561N and 562N are externally adjusted to 
provide the desired operational characteris¬ 
tics. To select the most appropriate type of 
filter and component values, a basic under¬ 
standing of filter operation is required. 

A FM signal to be demodulated is matched 
in the phase comparator with the voltage 
controlled oscillator signal, which is tuned 
to the FM center frequency. Any resulting 
phase difference between these two signals 
is the demodulated FM signal. This demod¬ 
ulated signal is normally at frequencies 
between dc and upper audio frequencies. 

The choice of low pass filter response gives 
a degree of design freedom in determining 


the capture range or selectivity of the loop. 
The attenuation of the high frequency error 
components at the output of the phase 
detector enhances the interference rejec¬ 
tion characteristics of the loop. The filter 
also provides a short-term memory for the 
PLL that ensures rapid recapture of the 
signal if the system is thrown out of lock due 
to noise transient. 

To ensure absolute closed loop stability at 
all signal levels within the dynamic range of 
the loop, the open loop PLL is required to 
have no more than 12dB per octave high 
frequency roll-off. 

The capacitor in each filter circuit shown in 
Figure 9-43 will provide 6dB per octave roll¬ 
off at the first break point—the desired 
bandwidth frequency. The resistor Rx 
shown in filters (c) and (d) is used to break 
the response up at high frequencies to 


ensure 6dB per octave roll-off at the loop 
unity gain frequency. Rx is typically be¬ 
tween 50 and 2000. 

Calculations of values for low pass filters 
shown can be made using the complex 
second-degree transfer function equations 
given, or approximated using the equation: 

(Equation 9-38) 

Q 1 = 26^ filters (a) and (c), and the 

f 

equation: 

13.30 

Cl = —-— mfd for filters (b) and (d) where f is 
the desired first break frequency in Hz. 

At frequencies greater than 5MHz where the 
loop may be prone to instability, filters (C) 
and (D) should be used. Foroperation at low 
frequencies, a simple type (b) lag filter with 
no added resistance is usually sufficient. 
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LOW PASS FILTER 
CONFIGURATIONS 


^Li <)L 





Figure 9-43 



Operating Frequency Extension 
to 60MHz (560N, 561N, 562N) 

The frequency range of the 560N, 561N and 
562N phase locked loops may be extended 
to 60MHz by the addition of two lOkH 
resistors from the timing capacitor termi¬ 
nals to the negative power supply as shown 
in Figure 9-44. The inclusion of a 5kfi po¬ 
tentiometer between these lOkO resistors 
and the negative supply provides a simple 
method of fine tuning. 

increased Loop Output Voitage 
For Smaii Frequency 
Deviations (565) 

For applications where both a narrow lock 
range and a large output voltage swing are 
required, it is necessary to inject a constant 
current into pin 8 and increase the value of 
R1. One scheme for this is shown in Figure 
9-45. The basis for this scheme is the fact 
that the output voltage controls only the 
current through R1 while the current 
through Q1 remains constant. Thus, if most 
of the charging current is due to Q1, the 
total current can be varied only a small 
amount due to the small change in current 
through R1. Consequently, the VCO can 
track the input signal over a small frequency 
range yet the output voltage of the loop 
(control voltage of the VCO) will swing its 
maximum value. 




F(s) = 

' ' 1+(2R+Rx)Ci 


NARROW BANDWIDTH FM 
DEMODULATOR 



2Rb 


1 


Hz 


2Afi= 


R1 = 


Ra(Rb + Rc)fo 


Diode D1 Is a Zener diode, used to allow a 
larger voltage drop across Ra than would 
otherwise be available. D4 is a diode which 
should be matched to the emitter-base junc¬ 
tion of Q1 for temperature stability. In addi¬ 
tion, D1 and D2 should have the same 
breakdown voltages and D3 and D4 should 
be similar so that the voltage seen across Re 
and Rc is the same as that seen across pins 
10 and 1 of the phased locked loop. This 
causes the frequency of the loop to be 
insensitive to power supply variations. The 
center frequency can be found by: 


(Equation 9-39) 


(Rb + Rc)RaC1 4R1C1 

and the total lock range is given by: 

(Equation 9-40) 
22.4Vd(Rb + Rc)RAfo 


-Hz 


(| Vi l+l V2 |-Vz-Vd) (8RbR1 +Ra [ Rb+ Rc]) 
where: 

Vd = forward biased diode voltage ^ 0.7V 
Vz = Zener diode breakdown voltage 
Vi = positive supply voltage 
V 2 = negative supply voltage 
fo = free-running VCO center frequency 

When the output excursion at pin 7 need be 
only a volt or so, diodes D1 , D2 and D3 may 
be replaced by short circuits. 

The value of R1 can be selected to give a 
prescribed output voltage for a given fre¬ 
quency deviation. 

(Equation 9-41) 


where fo is the center frequency and Af is 
the desired frequency deviation per volt of 
output. 

In most instances, Rb and Ra are chosen to 
be equal so that the voltage drop across 
them is about 200mV. For the best tempera¬ 
ture stability, diode D1 should be a base- 
collector shorted transistor of the same type 
as Q1. 

Expanded Lock Range (565) 

When the 565 is connected normally, feed¬ 
back to the VCO from the phase detector is 
internal. That is, an amplifier makes the pin 
8 voltage track the pin 7 (phase detector 
output) voltage. Since the capacitor Cl 
charge current is determined by the current 
through resistance R1, the frequency is a 
function of the voltage at pin 8. It is possible, 
however, to bypass and swamp the internal 
loop amplifier so that the current into pin 8 is 
no longer a function of the pin 8 voltage but 
only of the pin 7 voltage. This makes a 
greater charge-discharge current variation 
possible, allowing a greater lock range. 
Figure 9-46 shows such a circuit in which 
the /uA741 operational amplifier is set for a 
differential gain of 5, feeding current to pin 8 
through the 33k resistor (simulating a cur¬ 
rent source). Not only is the tracking range 
greatly expanded, but the output voltage as 
a function of frequency is five times greater 
than normal. In setting up such a circuit, the 
user should keep in mind that for best fre¬ 
quency stability, the charge-discharge cur¬ 
rent should be in the range of 50 to 1500^tA 
which also specifies the pin 8 input current 
range, showing that a ratio of upper to lower 
lock extremes of about 30 can be achieved. 
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EXPANDED LOCK RANGE 
CONFIGURATION FOR 565 


INCREASED LOOP GAIN AND 
LOCK RANGE FOR 565 



Breaking the Internal Feedback 
Loop (565) 

Many times it would be advantageous to be 
able to break the feedback connection be¬ 
tween the output (pin 7) and the voltage 
control terminal (Q1) of the VCO. This can 
be easily done once it is seen that it is the 
current into pin 8 which controls the VCO 
frequency. If the external resistor R1 is 
replaced with a current source, such as in 
Figure 9-47, we have effectively broken the 
internal voltage feedback connection. The 
current flowing into pin 8 is now independ¬ 
ent of the voltage on pin 8. The output 
voltage (on pin 7) can now be amplified or 
filtered and used to drive the current source 
by a scheme such as that shown in Figure 9- 
47. This scheme allows the addition of 
enough gain for the loop to stay in lock over 
a 100:1 frequency range, or conversely, to 
stay in lock with a precise phase difference 
(between input and VCO signals) which is 
almost independent of frequency variation. 
Adjustment of the voltage to the non-invert¬ 
ing input of the op amp, together with a 
large enough loop gain allows the phase dif¬ 
ference to be set at a constant value be¬ 
tween 0° and 180°. In addition, it is now pos¬ 
sible to do special filtering to improve the 
performance in certain applications. For in¬ 
stance, in frequency multiplication appli¬ 
cations it may be desirable to include a 
notch filter tuned to the sum frequency 
component to minimize incidental FM with¬ 
out excessive reduction of capture range. 

Breaking the Internal Feedback 
Loop (560, 561, 562) 

The internal control voltage feedback loop 
can also be easily broken on the 560, 561 
and 562. The key in this case is to bias the 
range control terminal (pin 7) to +2V which 
turns off the controlled current source. Now 
the phase comparator output voltage will 


have no effect on the charging current 
which sets the VCO frequency: Now an 
external feedback loop can be built with the 
desired transfer function. Figure 9-48 shows 
a practical application of this principle. The 
control voltage is taken from across the low 
pass filter terminals, amplified, and used to 
add or subtract current into the timing ca¬ 
pacitor nodes. 



Minimizing Tone Decoder 
Response Time 

The 567 Tone Decoder is a specialized loop 
which can be set up to respond to a given 
tone (constant frequency) within its band¬ 
width. The center frequency is set by a 
resistor R1 and capacitor Cl which deter¬ 
mine the free-running frequency. The band¬ 
width is controlled by the low-pass filter 
capacitor C2. A third capacitor C3 inte¬ 
grates the output of the quadrature phase 
detector (QPD) so that the dc lock- 
indicating component can switch the power 
output stage on when lock is present. The 
567 is optimized for stability and predicta¬ 
bility of center frequency and bandwidth. 


Two events must occur before an output is 
given. First, the loop portion of the 567 must 
achieve lock. Second, the output capacitor 
C3 must charge sufficiently to activate the 
output stage. For minimum response time, 
these events must be as brief as possible. 

As previously discussed, the lock time of a 
loop can be minimized by reducing the 
response time of the low pass filter. Thus, 
C2 must be as small as possible. However, 
C2 also controls the bandwidth. Therefore, 
the response time is an inverse function of 
bandwidth as shown by Figure 9-49, reprint¬ 
ed from the 567 data sheet. The upper curve 
denotes the expected worst-case response 
time when the bandwidth is controlled sole¬ 
ly by C2 and the input amplitude is 
200mVrms or greater. The response time is 
given in cycles of center frequency. For 
example, a 2% bandwidth at a center fre¬ 
quency of 1000 cycles can require as long as 
280 Cycles (280ms) to lock when the initial 
phase relationship is at its worst. Figure 9- 
50 gives a typical distribution of response 
time versus input phase. Note that, assum¬ 
ing random initial input phase, only 30/180 
= 1/6 of the time will the lock-up time be 
longer than half the worst case lock-up time. 
Figure 9-51 shows some actual measure¬ 
ments of lock-up time for a set-up having a 
worst case lock-up time of 27 cycles and a 
best-case lock-up time of four input cycles. 

The lower curve on the graph shows the 
worst-case lock-up time when the loop gain 
is reduced as a means of reducing the 
bandwidth (see data sheet. Alternate Meth¬ 
od of Bandwidth Reduction). The value of 
C2 required forthis minimum response time 
is 

(Equation 9-42) 
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It is important to note that noise immunity 
and rejection of out-band tones suffer 
somewhat when this minimum value (C2) of 
C2 is used so that response time is gained at 
their expense. Except at very low input 
levels, input amplitude has only a minor 
effect on the lock-up time—usually negligi¬ 
ble in comparison to the variation caused by 
input phase. 

Lock-up transients can be displayed on a 
two-channel scope with ease. Figure 9-52 
shows the display which results. The top 
trace shows the square wave which either 
gates the input generator signal off and on 
(or shifts the frequency in and out of the 
band if you have a generator which has a 
frequency control input only). The lower 
trace shows the voltage at pin 2, the low 


pass filter voltage. The input frequency is 
offset slightly from the center frequency so 
that the locked and unlocked voltage are 
different. It is apparent that, while the C2 
decay during unlock is always the same, the 
lock transient is different each time. This is 
because the turn-on repetition rate is such 
that a different initial phase relationship 
occurs with each appearance of the in-band 
signal. It is tempting to adjust the repetition 
rate so that a fast, constant lock-up tran¬ 
sient is displayed. However, in doing so a 
favorable initial phase is created that is not 
present in actual operation. On the con¬ 
trary, it is most realistic to adjust the repeti¬ 
tion rate so that the longest lock-up time is 
displayed, such as the fifth lock transient 
shows. Once this display is achieved, the 
effect of various adjustments in 02 or input 


amplitude is seen. However, the repetition 
rate must be readjusted for worst-case iock- 
up after each change. 

Once lock is achieved, the quadrature 
phase detector output at pin 1 is integrated 
by 03 to extract the dc component. As 03 
charges from its quiescent value Vq (see 
Figure 9-53) to its final value (Vq— AV), it 
passes through the output stage threshold, 
turning it on. The total voltage change is a 
function of input amplitude. Since the unad¬ 
justed Vq is very close (within 50mV) to Vt, 
the output stage turns on very soon after 
lock. Only a small fraction of the output 
stage time constant (r = 470003) expires 
before Vt is crossed so that 03 does not 
greatly influence the response time. How¬ 
ever, as shown in Figure 9-53a, the turn-off 
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delay time can be quite long when C3 is 
large. Figure 9-53b shows how desensitiz¬ 
ing the output stage by connecting a high- 
value resistor between pin 1 and pin 4 (plus 
supply) can equalize the turn-on and turn¬ 
off time. If turn-off delay is important in the 
overall response time, then desensitizing 
can reduce the total delay. 

But why not make C3 very small so that 
these delays can be totally neglected? The 
problem here is that the QPD output has a 
large twice-center-frequency component 
that must be filtered out. Also, noise, 
outband signals and difference frequencies 
formed by close out-band frequencies 
beating with the VCO frequency appear at 
the QPD output. All these must be attenuat¬ 
ed by C3 or the output stage will chatter on 
and off as the threshold is approached. The 
more noisy the input signal and the larger 
the near-band signals, the greater C3 must 
be to reject them. Thus, there is a complicat¬ 
ed relationship between the input spectrum 
and the size of C3. What must be done, then, 
is to make C3 more than sufficient for 
proper operation (no false outputs or 
missed signals) under actual operating 
conditions and then reduce its value in small 
steps until either the required response time 
is obtained or operation becomes unsatis¬ 
factory. 

In setting up the tone decoder for maximum 
speed, it is best to proceed as follows: 

a. After the center frequency has been set, 
adjust C2 to give the desired bandwidth 
or, if the graph of response time in cycles 
(Figure 9-51) suggests that worst-case 
lock-up time will be too long, incorporate 
the loop gain reduction scheme as an 
alternate means of bandwidth reduction. 
(See data sheet.) 

b. Check lock-up time by observing the 
waveform at pin 2 while pulsing the input 
signal on and off (or in and out of the band 
when a FM generator is used). Adjust 
repetition rate to reveal worst lock-up 
time. 

c. Starting with a large value of C3 (say 10 
C2), reduce it as much as possible in 
steps while monitoring the output to be 
certain that no false outputs or missed 
signals occur. The full input spectrum 
should be used for this test. Ignore brief 
transients or chatter during turn-on and 
turn-off as they can be eliminated with 
the chatter prevention feedback tech¬ 
nique described in the data sheet. 

d. Use the desensitizing technique, also 
described in the data sheet, to balance 
turn-on and turn-off delay. 

e. Apply the chatter prevention technique 
to clean up the output. 

If this procedure results in a worst-case 


response time that is too slow, the following 

suggestions may be considered: 

a. Relax the bandwidth requirement. 

b. Operate the entire system at higher fre¬ 
quency when this option is available. 

c. Use two tone decoders operating at 
slightly different frequencies and OR the 
outputs. This will reduce the statistical 
occurrence of the worst-case lock-up 
time so that excessive lock-up time oc¬ 
curs. For example, if the lock-up time is 
marginal 10% of the time with one unit, it 
will drop to 1% with two units. 

d. Control the in-band input amplitude to 
stabilize the bandwidth, set up two tone 
decoders for maximum bandwidth and 
overlap the detection bands to make the 
desired frequency range equal to the 
overlap. Since both tone decoders are on 
only when a tone appears within the 
overlap range, the outputs can be ANDed 
to provide the desired selectivity. 

e. If the system design permits, send the 
tone to be detected continuously at a low 
level (say 25mVrms) to keep the loop in 
lock at all times. The output stage, slight¬ 
ly desensitized, can then be gated on as 
required by increasing the signal ampli¬ 


tude during the on time. Naturally, the 
signal phase should be maintained as the 
amplitude is changed. This scheme is 
extremely fast, allowing repetition rates 
as fast as 1 /3 to 1 /2 the center frequency 
when C3 is small. This is equivalent to 
ASK (amplitude shift keying). 

FM IF Amplifier/Demodulator 
With Muting (561N) 

In this application, the loop portion of the 
561N operates in the usual manner for 
FM demodulation. To introduce muting 
(squelch) the synchronous AM detector por¬ 
tion of the PLL is used to detect the pres¬ 
ence of an input signal and to open a muting 
gate. Figure 9-54 shows a typical circuit 
incorporating the muting feature. 

The input section of the circuit is a broad¬ 
band, amplifier-limiter. The tuned LC net¬ 
work at the AM input, pin 4, is adjusted to 
provide a 90® phase shift at the IF frequen¬ 
cy. This network is adjusted for maximum 
output at pin 1, demodulated AM output, 
with a carrier applied, at the IF frequency. 

Three transistors at the right of the diagram 
(Q1, Q2 and Q3) and the 1N457 diode form 


840 


sjgnDtics 







Phase Locked Loops 


TYPICAL FM IF AMPLIFIER/DEMODULATOR WITH MUTING 



* T1:20 Turns Biflar No. 36 Wire on 1/2-Watt Resistor Body (For 10.7 MHz) 
** PartofNESION 


Figure 9-54 


the muting gate. Gating is accomplisheid by 
applying the (demodulated FM output 
through the 1N457 diode and by biasing the 
diode on and off as follows: During periods 
with no input applied, Q1 is shut off and Q2 
conducts. Therefore, the diode is effectively 
back biased since its anode potential de¬ 
veloped by the 10k resistors across the 
power supply is approximately +13.5V. 
When an input is applied to the circuit, Q1 is 
turned on and Q2 shuts off, reducing its 
collector potential below 9V. Thus, the di¬ 
ode is forward biased and the demodulated 
IF output is gated through to the circuit 
output. 

Muting threshold adjustment is accom¬ 
plished using the 2.5k potentiometer. Tran¬ 
sistor Q3 is used as a bias generator for the 
differential pair, Q1 and Q2. In turn, the bias 
of Q3 is obtained from internal PLL bias 
points at pins 12 and 13. Thus, the muting 
gate will track the PLL over wide tempera¬ 
ture variations. 

FM Demodulator (560N) 

When used as a FM demodulator, the 560N 
phase locked loop requires selection of 
external components and/or circuits to 
create the desired response. The areas to be 
considered are: 

a. Input signal conditioning 

b. Tuning—VCO frequency 

c. Low pass filter selection/gain adjustment 


d. Output swing 

e. Tracking range adjustment 

f. De-emphasis network selection 

Figure 9-55 Illustrates schematically a typi¬ 
cal FM demodulator with IF amplifier and 
limiter using the 560N PLL. The amplitude 
of the input signal has a pronounced effect 
on the operation. For the tracking range to 
be constant, the input signal level should be 
greater than 2mVrms. In addition, AM rejec¬ 
tion diminishes at higher signal levels and 
drops to less than 20dB for signals greater 
than 30mV. If either the tracking range or 
AM rejection is critical, the input signal 
should be conditioned to be in the 2 to 10mV 
range, using either a limiter or a combina¬ 
tion limiter-amplifier. This circuit should 
limit at the smallest Input voltage that is 
expected. 

The PLL is tuned by adjusting the VCO to 
the center frequency of the FM signal. This 
is accomplished by connecting a capacitor 
across pins 2 and 3. The capacitor value is 
determined using the equation Co- 300/fo, 
pF where fo, the free-running VCO frequen¬ 
cy, is in MHz. The exact value is not impor¬ 
tant as the internal resistors are only within 
±10% of nominal value and fine tuning is 
normally required. Fine tuning may be ac¬ 
complished by using a trimmer capacitor in 
parallel with Co or by using a potentiometer 
connected across the power supply with the 


rotor connected to pin 6 through a 200n 
current limiting resistor. 

The dc gain of the loop, which sets the lock 
range and threshold sensitivity, can be con¬ 
trolled by the placement of a resistance 
between pins 14 and 15, the low pass filter 
terminals. A low pass filter connected to 
these terminals controls the capture range 
or selectivity of the loop. In basic terms, it 
may be said that the low pass filter sets the 
bandwidth of the demodulated information 
which will be obtained. For most applica¬ 
tions, a single capacitor connected between 
pins 14 and 15 will provide the required 
filtering. The capacitance value required 
can be approximated as follows: 

(Equation 9-43) 

13.30 

C« - mfd 

f 

where f is the desired bandwidth in Hz. For 
example, if the desired information band¬ 
width is 15kHz, the required low pass filter 
capacitance will be: 

(Equation 9-44) 
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TYPICAL FM DEMODULATOR WITH IF AMPLIFIER AND LIMITER USING THE 560N 

+ 18V 



Figure 9-55 


The output swing is a function of the fre¬ 
quency deviation of the incoming signal, 
and is approximately 0.3Vp-p for ±1 % devia¬ 
tion. For example, a standard 10.7MHz IF 
frequency has a deviation of ±75kHz; there¬ 
fore, the percentage deviation equals 


10.7 

and the output voltage will be 
.7% 

0.3V p-pX — = .21Vp-p, 

or 74mVrms for 100% modulation. 

The de-emphasis network requires an ex¬ 
ternal capacitor from pin 10 to ground. This 
capacitor Cd and the 80000 internal resist¬ 
ance should produce a time constant of 
approximately 75fxs for standard FM broad¬ 
cast demodulation. The value of the de¬ 
emphasis capacitor for this application is 
determined by the following formula: 


75 X 10-6 

Cd = - = 0.0094mfd 

8000 

For most applications, a 0.01 mfd value 
would be satisfactory since the manufactur¬ 
ing tolerance of the resistor is on the order 
of 20%. 


Phase Locked AM Receiver 
(561N) 

The Signetics 561N can be used as an AM 
detector/receiver. AM detection is accom¬ 
plished as illustrated in the block diagram of 
Figure 9-56a. The phase locked loop is 
locked to the signal carrier frequency and 
its VCO output is used to provide the local 
oscillator signal for the product detector or 
synchronous demodulator. The PLL locks 
to its input signal with a constant 90° phase 
error. The amplitude of the signal at the 
output of the product detector Is a function 
of the phase relationship of the carrier of the 
incoming signal and the local oscillator; it 
will be a maximum when the carrier and 
local oscillator are in phase or 180° out of 
phase and a minimum when they are in 
quadrature. It is, therefore, necessary to add 
a 90° phase shift network in the system to 
compensate for the normal PLL phase shift. 
The 561 is designed for this to be incorpo¬ 
rated between the signal input and the input 
to the phase comparator input, pin 12 or pin 
13. 

Connection as an AM detector/receiver is 
given in Figure 9-56b. The bypass and cou¬ 
pling capacitors should be selected for low 
Impedance at the operating frequency. Co is 
selected to make the VCO oscillate at the 
frequency to be received and Cx is selected, 
in conjunction with the output resistance 
(80000) and the load resistance, to roll off 
the audio output for the desired bandwidth. 



The phase shift network may be determined 
from the following equations: 

(Equation 9-45) 


fc 

where fc is the carrier frequency of the 
signal to be received and Ry = 30000. A 
receiver for standard AM reception is easily 
constructed using the circuit of Figure 9- 
56b. Its operating range will be from 550kHz 
to 1.6MHz. All bypass and coupling capaci¬ 
tors are 0.1 mfd. Cy Is selected using a fre¬ 
quency which is the geometric mean of the 
limits of the frequencies which are to be 
received. 
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_ (Equation 9-46) 

fc =N/fhifio = 1.6 X 0.55 = .94MHz 
then: 

1.3 X 10-4 

Cy= - = 135pF 

.94X10-6 

The low pass filter for the loop, Cl, is not 
critical for no information is being derived 
directly from the loop error signal and one 
need only be assured of stable loop opera¬ 
tion. A .Oimfd capacitor was found to be 
adequate. 


Tuning may be accomplished in several 
ways. The simplest method uses a variable 
capacitor as Co- It should be trimmed so that 
when set for minimum capacitance, the 
VCO frequency is approximately 1.6MHz. 
The capacitance used may be obtained 
from the following formula; 


300pF 

Qq —- where fo is in MHz. 

To 


Application of this formula shows that the 
minimum capacitance should be about 
180pF and the maximum capacitance 
should be 550pF. A second tuning method 
utilizes the fine tuning input, pin 6. When 
current is inserted or removed from this pin, 
the VCO frequency will change, thereby 
tuning the receiver. Select Co, when the 
current at pin 6 is zero, to make the VCO 
operate at the mean frequency used in the 
phase shift network calculation (940kHz). 
The complete standard AM broadcast band 
may now be tuned with one potentiometer. 
The resistor in series with the arm of the 
potentiometer is selected to give the desired 
tuning range and will be about 1200n when 
an 18V power supply is used. 


For operation, this receiver requires an 
antenna and a good grounding system. 
Operation may be improved by including a 
broadband untuned RF amplifier, but care 
should be used to ensure that the phase 
locked loop is not overdriven, e.g. input 
signals should be kept less than O.SVrms. 

IF STAGE WITH AGC AND 
AM/FM DETECTION (561N) 

The circuit shown in Figure 9-57 is basically 
an IF strip at 10.7MHz employing a buffer 
amplifier, two stages of gain, two ganged 
stages of AGC and an AGC summing ampli¬ 
fier. A single 561N PLL serves as both the 
AM and FM detector. Input sensitivity to 
insure lockup for either AM or FM demodu¬ 
lation is approximately 10/uV. The input level 
to the 561N is held level at 305mVp-p during 
input amplitude excursion from 10/xV to 
120mVp-p. Potentiometer Ragc is adjusted 
at no input for a quiescent dc voltage (pin 6 
of amplifier )uA741) of -90mV. This presets 
the MC1496 multipliers at a maximum gain 
condition. The gain is slowly reduced as the 
RF input level rises and full AGC action 
begins. 

The bandwidth of linear demodulation of 
AM is 1Hz to 4.5Hz and of FM is 1Hz to 
36kHz. 

IF gain adjustment can be provided with the 
installation of a potentiometer between pins 
4 and 9 of either (or both) of the /iA733, a 
zero ohm setting insuring maximum gain. 

The addition of a conventional converter 
front-end and audio driver stages com¬ 
pletes the circuitry for a receiver. 


Translation Loop for Precise FM 
(561N, 562N) 

A translation loop mixes the output of two 
oscillators and produces a signal whose 
frequency is equal to the sum or difference 
of the two. In the most useful application of 
this circuit, one oscillator is a precise 
crystal-controlled oscillator and the second 
is a low frequency voltage-controlled oscil¬ 
lator so that the loop output is a FM signal 
whose center frequency is slightly offset 
from the crystal oscillator frequency. Since 
the offset oscillator supplies only a small 
percentage of the final output frequency, it 
need not be as precise as the crystal 
oscillator. 

Such a loop is shown in Figure 9-58a. The 
VCO is driven until the filtered low frequen¬ 
cy component of the PD2 output is equal to 
the offset frequency fm- When this occurs, 
lockup is achieved and the VCO output is 
eitherfR + fmor fp -fm. By adjusting the VCO 
free-running slightly above fm, the latter 
case can be eliminated. If fm is frequency 
modulated, then the output will also be 
frequency modulated since it has the same 
absolute deviation. 

Figure 9-58b shows a translation loop made 
from a 561N and 562N. It is designed to 
produce a 4.5MHz signal with a deviation of 
±25kHz. The 561N serves as the VCO and 
PD1; the 562N serves as the crystal oscilla¬ 
tor and PD2. A 4.400MHz crystal controls 
the reference frequency fp. The offset fre¬ 
quency fm is 100kHz frequency modulated 
±25kHz at a modulation frequency of 
400Hz. The accuracy of the output frequen¬ 
cy is that of the reference oscillator plus that 
of the offset oscillator; since fm is a small 
percentage (2%) of fR, its stability can be 
considerably less than that of the crystal 
oscillator. In this case, fm can be provided 
by a 566 VCO modulated, if desired, by a 
second 566. (The triangle wave 566 output 
results in a constant df/dt.) 

Special layout precautions are required to 
be sure that no high frequency coupling 
occurs via grounds or power supply lines. 
The circuit is adjusted by trimming the 562 
VCO trimmer capacitor until the beat note 
present at test point 1 has the same frequen¬ 
cy as fm throughout the deviation range (fm 
can be deviated by hand or very slowly, say, 
at a 1Hz rate, to observe that the beat note 
does not break up during sweep. If the beat 
note is lostat either extreme, adjust the VCO 
trimmer. If the full deviation cannot be ob¬ 
tained, decrease the 562 low pass filter 
capacitor slightly. Connect a counter to the 
output to be sure the loop is locked to fR + fm 
and not fR - fm (unless the latter is desired). 
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IF GAIN STAGE WITH AGC AND AM/FM DETECTION 



Figure 9-57 



Naturally, the component values given may 
be altered for other applications. Note that 
as fm is made a smaller and smaller per¬ 
centage of the total output frequency, it 
becomes difficult to prevent locking in the 
fR - fm mode since the 562 lock range will 
likely include both fR - fm and fn + fm- How¬ 
ever, if fm is made too large a portion of the 
output frequency, then overall stability suf¬ 
fers unless fm is also quite precise. 

Phase Locked FSK 
Demodulators (560N, 565) 

FSK refers to data transmission by means of 
a carrier which is shifted between two preset 
frequencies. This frequency shift is usually 
accomplished by driving a VCO with the 
binary data signal so that the two resulting 
frequencies correspond to the “0” and “1” 
states (commonly called space and mark) of 
the binary data signal. 


The 560N phase locked loop can be used as 
a receiving converter to demodulate FSK 
audio tones and to provide a shifting dc 
voltage to initiate mark or space code ele¬ 
ments. The PLL can replace the bulky audio 
filters and undependable relay circuits pre¬ 
viously used for this application. Connec¬ 


tion of the 560N PLL as a FSK demodulator 
is illustrated in Figure 9-59. 

The system functions by locking-on and 
tracking the output frequency of the receiv¬ 
er. The demodulator frequency shift ap¬ 
pears at pin 9 as a direct-current voltage of 
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TRANSLATION LOOP FOR PRECISION TV 
INTERMEDIATE—FREQUENCY FM GENERATOR 



FSK DEMODULATOR USING 560N 



Figure 9-59 


(Equation 9-48) 


about 60mV amplitude and must be ampli¬ 
fied and signal-conditioned to interface 
with the printer. The input voltage at pin 12 
should be from 30mV to 2V peak-to-peak, 
square or sine wave. Pin 10, the de¬ 
emphasis terminal, is used for band¬ 
shaping. The capacitor connected between 
this terminal and ground bypasses unwant¬ 
ed high frequency noise to ground. Pin 9 is 
the output (approximately 60mVdc) which is 
amplified, conditioned and fed to a voltage 
comparator amplifier ()uA710) to provide the 
proper voltages for interfacing with the 
printer. This specific circuit was designed to 
match the Bell 103C and 103D Data Phones. 
When modifying this circuit to accommo¬ 
date other systems, maintain the resistance 
to ground from pin 9 at approximately 
15Kn. Pins 3 and 2 are the connections for 
the external capacitor that determine the 
free-running frequency of the VCO. The 
0.33/xF value indicated provides a VCO fre¬ 
quency, fo, of approximately 1060Hz. The 
value of the timing capacitor can be calcu¬ 
lated by use of the following equation: 


300pF 

Co = — I - where fo is in hertz. 

To 

The output has a swing of 2V peak-to-peak, 
over a 0 to 600 baud input FSK rate, with less 
than 10% jitter at the comparator output. 
The circuit is operative over a temperature 
range of 0° to 75°C with a total drift of 
approximately lOOmV over the temperature 
range. 


A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270Hz is shown 
in Figure 9-60. As the signal appears at the 
input, the loop locks to the input frequency 
and tracks it between the two frequencies 
with a corresponding dc shift at the output. 

The loop filter capacitor C2 is chosen to set 
the proper overshoot on the output and a 
three-stage RC ladder filter is used to re¬ 
move the sum frequency component. The 
band edge of the ladder filter is chosen to be 
approximately half-way between the maxi¬ 
mum keying rate (300 baud or bits per sec¬ 
ond, or 150Hz) and twice the input frequen¬ 
cy (about 2200Hz). The free-running 
frequency should be adjusted (with R1) so 
that the dc voltage level at the output is the 
same as that at pin 6 of the loop. The output 
signal can now be made logic compatible by 
connecting a voltage comparator between 
the output and pin 6. 

The input connection is typical for cases 
where a dc voltage is present at the source 
and, therefore, a direct connection is not 
desirable. Both input terminals are returned 
to ground with identical resistors (in this 
case, the values are chosen to achieve a 
600n input impedance). 

A more sophisticated approach primarily 
useful for narrow frequency deviations is 
shown in Figure 9-61. Here, a constant 
current is injected into pin 8 by means of 
transistor Q1. This has the effect of de¬ 
creasing the lock range and Increasing the 
output voltage sensitivity to the input fre¬ 
quency shift. The basis for this scheme is 
the fact that the output voltage (control 
voltage for VCO) controls only the current 
through R1, while the current through Q1 
remains constant. Thus, if most of the ca¬ 
pacitor charging current is due to Q1, the 
current variation due to R1 will be a small 
percentage of the total charging current 
and, consequently, the total frequency devi¬ 
ation of the VCO will be limited to a small 
percentage of the center frequency. A 
0.25mfd loop filter capacitor gives approxi¬ 
mately 30% overshoot on the output pulse, 
as seen in the accompanying photographs. 


FSK DECODER USING THE 565 
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FSK DECODER WITH EXPANDED 

565 OUTPUT VOLTAGE RANGE 



100 BAUD FSK DECODING 



Figure 9-62a 




The output is then filtered with a two-stage 
RC ladder filter with a band edge chosen to 
be approximately 800Hz (approximately 
half-way between the maximum keying rate 
of 150Hz and twice the carrier frequency). 
The number of stages on the filter can be 
more or less depending on the degree of 
uncertainty allowable in the comparator 
output pulse. Two small capacitors (typical¬ 
ly 0.001 mfd) are connected between pins 8 
and 7 of the 565 and across the input of the 
comparator to avoid possible oscillation 
problems. 

For best operation, the free-running VCO 
frequency should be adjusted so that the 
output voltage (corresponding to the input 
frequencies of 1070Hz and 1270Hz swings 
equally to both sides of the reference volt¬ 
age at pin 6. This can be easily done by 
adjusting the center frequency of the VCO 
so that the output signal of the juA710 com¬ 
parator has a 50% duty cycle. It is usually 
necessary to decouple pin 6 with a large 
capacitor connected to the positive supply 
in order to obtain a stable reference voltage 
for the ^A710 comparator. 

Figure 9-62 shows the output of the juA710 
comparator and the output of the 565 phase 


locked loop after the filter at rates of 100, 
200 and 300 baud, respectively. 

Analog Light-Coupled 
Isolators (565, 567) 

The analog Isolator shown in Figure 9-63a is 
basically a FM transmission system with 
light as the transmission medium. Because 
of the high degree of electrical isolation 
achieved, low-level signals may be transmit¬ 
ted without Interference by great potential 
difference between the sending and receiv¬ 
ing circuits. The transmitter is a 565 used as 
a VCO with the input applied to the VCO 
terminal 7. Since the light emitting diode is 
driven from the 565 VCO output, the LED 
flashes at a rate proportional to the input 
voltage. The receiver is a photo transistor 
which drives an amplifier having sufficient 
gain to apply a 200mV peak-to-peak signal 
to the input of the receiving 565, which then 
acts as a FM detector with the output ap¬ 
pearing at pin 7. Since the output has a twice 
carrier frequency ripple, It is best to keep the 
carrier frequency as high as possible (say, 
100 times the highest modulation frequen¬ 
cy). Because of the excellent temperature 
stability of the 565, drift is minimal even 
when dc levels are being transmitted. If 


operation to dc is not required, the output of 
the receiver can be capacitively coupled to 
the next stage. Also, a 566 can be used as 
the transmitter. 

Figure 9-63b shows that the 567 may be 
used in the same manner when operation 
from 5V supplies is required. Here, the out¬ 
put stage of the 567 is used to drive the LED 
directly. When the free-running frequency 
of the receiving 567 is the same as that of the 
transmitting 567, the non-linearity of the 
two controlled oscillator transfer functions 
cancel so that highly linear information 
transfer results. 

Figure 9-64 is an oscillogram of the input 
and output of the Figure 9-63a circuit. The 
output can easily be filtered to remove the 
sum frequency component. 

PHASE MODULATORS 

If a phase locked loop is locked onto a signal 
at the center frequency, the phase of the 
VCO will be 90° with respect to the input 
signal. If a current is injected into the VCO 
terminal (the low pass filter output), the 
phase will shift sufficiently to develop an 
opposing average current out of the phase 
detector so that the VCO voltage is constant 
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and lock is maintained. When the input 
signal amplitude is low enough so that the 
loop frequency swing is limited by the phase 
detector output rather than the VCO swing, 
the phase can be modulated over the full 
range of 0 to 180°. If the input signal is a 
square wave, the phase will be a linear 
function of the injected current. 

A block diagram of the phase modulator is 
given in Figure 9-66a. The conversion factor 
K is a function of which loop is used, as well 
as the input square wave amplitude. Figure 
9-65b shows an implementation of this cir¬ 
cuit using the 567. 





Bignctics 


847 















Phase Locked Loops 


Dual Tone Decoders (567) 

Two integrated tone decoders can be con¬ 
nected (as shown in Figure 9-66a) to permit 
decoding of simultaneous or sequential 
tones. Both units must be on before an 
output is given. R1C1 and R1C1 are chosen, 
respectively, for tones 1 and 2. If sequential 
tones (1 followed by 2) are to be decoded, 
then C3 Is made very large to delay turn off 
of unit 1 until unit 2 has turned on and the 
NOR gate Is activated. Note that the wrong 
sequence (2 followed by 1) will not provide 
an output since unit 2 will turn off before 
unit 1 comes on. Figure 9-66b shows a 
circuit variation which eliminates the NOR 
gate. The output is taken from unit 2, but the 


unit 2 output stage is biased off by R2 and 
CR1 until activated by tone 1. A further 
variation is given in Figure 9-66c. Here, unit 
2 is turned on by the unit 1 output when tone 
1 appears, reducing the standby power to 
half. Thus, when unit 2 is on, tone 1 is or was 
present. If tone 2 is now present, unit 2 
comes on also and an output is given. Since 
a transient output pulse may appear during 
unit 1 turn-on, even if tone 2 is not present, 
the load must be slow In response to avoid a 
false output due to tone 1 alone. 

High Speed, Narrow Band Tone 
Decoder 

The circuit of Figure 9-66a may be used to 


obtain a fast, narrow band tone decoder. 
The detection bandwidth is achieved by 
overlapping the detection bands of the two 
tone decoders. Thus, only a tone within the 
overlap portion will result in an output. The 
input amplitude should be greater than 
70mVrms at all times to prevent detection 
band shrinkage and C2 should be between 
130/fo and 1300/fo mfd where fo is the nomi¬ 
nal detection frequency. The small value of 
C2 allows operation at the maximum speed 
so that worst-case output delay is only 
about 14 cycles. 

Touch-Tone® Decoder(567) 

Touch-Tone® decoding is of great interest 
since all sorts of remote control applica¬ 
tions are possible if you make use of the 
encoder (the push-button dial) that will ulti¬ 
mately be part of every phone. A low cost 
decoder can be made as shown in Figure 9- 
67. Seven 567 tone decoders, their Inputs 
connected In common to a phone line or 
acoustical coupler, drive three integrated 
NOR gate packages. Each tone decoder Is 
tuned, by means of R1 and Cl, to one of the 
seven tones. The R2 resistor reduces the 
bandwidth to about 8% at lOOmV and 5% at 
SOmVrms. Capacitor C4 decouples the sev¬ 
en units. If you are willing to settle for a 
somewhat slower response at low input 
voltage (50 to lOOmVrms), the bandwidth 
can be controlled in the normal manner by 
selecting C2, thereby eliminating the seven 
R2 resistors and C4. 

The only unusual feature of this circuit Is the 
means of bandwidth reduction using the R2 
resistors. In the Alternate Method of Band¬ 
width Reduction, Figure 9-68, an external 
resistor Ra can be used to reduce the loop 
gain and, therefore, the bandwidth. Resistor 
R2 serves the same function as Ra except 
that instead of going to a voltage divider for 
dc bias it goes to a common point with the 
six other R2 resistors. In effect, the five 567s 
which are not being activated during the 
decoding process serve as bias voltage 
sources for the R2 resistors of the two 567s 
which are being activitated. Capacitor C4 
decouples the ac currents at the common 
point. 

Figure 9-67 shows several additions to the 
"normal” method of tone decoding. The 
reduced capture time (shown dotted around 
the 697Hz decoders) and reduced unlock 
time (shown with the 1477Hz decoder) can 
be added to allow greater response time to 
the decoder at the expense of additional 
components. The addition of resistor R2 
can be of greater advantage when selected 
such that the bandwidth of each decoder 
can be individually adjusted. 


DETECTION OF TWO SIMULTANEOUS 
OR SEQUENTIAL TONES 




Figure 9-66b 


Figure 9-66c 
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REDUCED CAPTURE TIME MODULE 
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Figure 9-67 
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Adjust control for symmetry o, detection band 


edges about fo. 

Figure 9-68 



Figure 9-69 


The curve in Figure 9-69 indicates that in 
order to obtain more control of the decoder 
the resistor R2 should be less than 10K. 

The reduced capture time technique is de¬ 
scribed below. 

Typical capture time for a phase lock loop 
can be as long as 10 cycles of incoming 
signal. Fora frequency of 697Hz (low tone of 
a touch tone system) this ends up in a delay 
time of up to 15 milliseconds. Lower fre¬ 
quencies result in much longer delays. In 
order to relieve these extended delays and 
to use external components (loop filter and 
low pass filter) which more closely match 
the design criteria, a system such as shown 
in Figure 9-67 is used. 

The output of one of the tone decoders is 
phase shifted by 90 degrees at the given 
tone and fed into the second tone decoder. 
This forces the second tone decoder VCO to 
be phase shifted 90 degrees from the refer¬ 
ence signal. The incoming signal is then fed 
to both devices. The maximum phase shift 
of the signal will be 45 degrees resulting in a 
6dB reduction in capture time. 

The approach can be further expanded if a 


third device is used, with each loop phase 
shifted 30 degrees from each other. 

Improved noise Immunity can be achieved 
by adding resistors across pins 1 and 4. A 
50kn resistor will improve the noise thresh¬ 
old by approximately 2-3dB. In effect the 
sensitivity of the system is reduced. 

Latch up circuity is included in this set up. 
The outputs of each device are wire “OR” 
together. 

Reduced Release Time 

Due to the nature of the output filter capaci¬ 
tor and the internal resistor, the decode 
unlatch time can be as long as 40ms. This 
time can be reduced to less than 1/4 of a 
cycle of the incoming tone by incorporating 
the circuitry shown in Figure 9-67. The 
output of the 567 Is “added” together along 
with the output of a comparator. The com¬ 
parator is triggered by the output of the 567 
filter section. This output responds (within 1 
cycle) of the Incoming signal. The net result 
is the increased unlatch time of the decoder. 


Low Cost Frequency Indicator 
(567) 

Figure 9-70 shows how two tone decoders 
set up with overlapping detection bands can 
be used for a go/no-go frequency meter. 
Unit 1 is set 6% above the desired sensing 
frequency and unit 2 is set 6% below the 
desired frequency. Now, If the incoming 
frequency is within 13% of the desired fre¬ 
quency, either unit 1 or unit 2 will give an 
output. If both units are on, it means that the 
incoming frequency is within 1% of the 
desired frequency. Three light bulbs and a 
transistor allow low cost read-out. 

CRYSTAL-STABILIZED PHASE 
LOCKED LOOP 

Figure 9-71 a shows the 560N connected as 
a tracking filter for signals near 10MHz. The 
crystal keeps the free-running frequency at 
the desired value. Figure 9-71 b gives the 
lock and capture range as a function of Input 
amplitude. An emitter follower has been 
added to the normal VCO output to prevent 
pulling the loop off frequency. 


FREQUENCY METER WITH 
LOW-COST LAMP READOUT 




0.13fs 




UNIT 1 
,DETECTION 




'UNIT2^\f 
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FIGURE 9-70 
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Ramp Generators (566) 

Figure 9-72 shows how the 566 can be wired 
as a positive or negative ramp generator. In 
the positive ramp generator, the external 
transistor driven by the pin 3 output rapidly 
discharges C1 at the end of the charging 
period so that charging can resume in¬ 
stantaneously. The pnp transistor likewise 
rapidly charges the timing capacitor Cl at 
the end of the discharge period. Because 
the circuits are reset so quickly, the tem¬ 
perature stability of the ramp generator is 
excellent. The period r is 1/2fo where fo is 
the 566 free-running frequency in normal 
operation. Therefore, 

(Equation 9-49) 

1 RtC1V+ 

~ 2fo “ 5(V+ - Vc) 


where Vc is the bias voltage at pin 5 and Rt is 
the total resistance between pin 6 and V+. 
Note that a short pulse is available at pin 3. 
(Placing collector resistance in series with 
the external transistor collector will length¬ 
en the pulse.) 

Sawtooth and Pulse Generator 
(566) 

Figure 9-73 shows how pin 3 output can be 
used to provide different charge and dis¬ 
charge currents for C1 so that a sawtooth 
output is available at pin 4 and a pulse at pin 
3. The pnp transistor should be well saturat¬ 
ed to preserve good temperature stability. 
The charge and discharge times may be 
estimated by using the formula 

RtC1V+ (Equation 9-50) 

^ “ 5(V+ - Vc) 


where Rt is the combined resistance be¬ 
tween pin 6 and V+ for the interval consid¬ 
ered. 

Triangle-To-Sine Converters 

Conversion of triangular wave shapes to 
sinusoids is usually accomplished by diode- 
resistor shaping networks, which accurate¬ 
ly reconstruct the sine wave segment by 
segment. Two simpler and less costly meth¬ 
ods may be used to shape the triangle 
waveform ofthe566 into a sinusoid with less 
than 2% distortion. 

The first scheme (Figure 9-74a) uses the 
nonlinear Ids—V os transfer characteristic 
of a p-channel junction FET to shape the 
triangle waveform. The second scheme 
(Figure 9-74b) uses the non-linear emitter 
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POSITIVE SAWTOOTH AND 
PULSE GENERATOR 





Figure 9-73a 


NEGATIVE SAWTOOTH AND PULSE 
GENERATOR 



Figure 9-73b 



base junction characteristic of the 511N for 
shaping. 

In both cases, the amplitude of the triangle 
waveform is critical and must be carefully 
adjusted to achieve a low distortion sinu¬ 
soidal output. Naturally, where additional 
waveform accuracy is needed, the diode- 
resistor shaping scheme can be applied to 
the 566 with excellent results since it has 
very good output amplitude stability when 
operated from a regulated supply. 

Single Tone Burst 
Generator (566) 

Figure 9-75 is a tone burst generator which 
supplies a tone for one-half second after the 
power supply is activated; its intended use 
is as a communications network alert signal. 
Cessation of the tone is accomplished by 
the SCR, which shunts the timing capacitor 
Cl charge current when activated. The SCR 
Is gated on when C2 charges up to the gate 
voltage, which occurs in 0.5 seconds. Since 
only 70/xA are available for triggering, the 


SCR must be sensitive enough to trigger at 
this level. The triggering current can be 
increased, of course, by reducing R2 (and 
increasing C2 to keep the same time con¬ 
stant). If the tone duration must be constant 
under widely varying supply voltage condi¬ 
tions, the optional Zener diode regulator 
circuit can be added, along with the new 
value for R2, R2 = 82K. 

If the SCR is replaced by a npn transistor, 
the tone can be switched on and off at will at 
the transistor base terminal. 

Low Frequency FM 
Generators (566) 

Figures 9-76 and 9-77 show FM generators 
for low frequency (less than 0.5mHz center 
frequency) applications. Each uses a 566 
function generator as a modulation genera¬ 
tor and a second 566 as the carrier gener¬ 
ator. 

Capacitor Cl selects the modulation fre¬ 
quency adjustment range and Cl selects 


the center frequency. Capacitor C2 is a 
coupling capacitor which only needs to be 
large enough to avoid distorting the modu¬ 
lating waveform. 

If a frequency sweep in only one direction is 
required, the 566 ramp generators given in 
this section may be used to drive the carrier 
generator. 

Radio Frequency FM 
Generators (566, 560N) 

Figure 9-78 shows how a 560N may be used 
as a FM generator with modulation supplied 
by a 566 function generator. Capacitor Cl is 
chosen to give the desired modulation 
range, C2 is large enough for undistorted 
coupling and C3 with its trimmer specifies 
the center frequency. The VCO output may 
be taken differentially or single ended. 

A 561N or 562N with appropriate pin num¬ 
bering changes may also be used in this 
application. If a sweep generator is desired, 
the 566 may be connected as a ramp gener¬ 
ator (described elsewhere in this chapter). 
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TRIANGLE-TO-SINE CONVERTER 



ru 


SINGLE BURST TONE GENERATOR 



Figure 9-75 


FREQUENCY MODULATED GENERATOR 
FOR SMALL DEVIATIONS (TO ±20%) 



BE INSERTED HERE 
IF SINUSOIDAL MODULATION 
IS REQUIRED 


Figure 9>76 


Precision Power inverter 
(566, 540) 

Figure 9-79 shows a precision 12Vdc to 115 
Vac 100W inverter. Its triangular output is 
derived from the 566 function generator, 
providing a high degree of frequency stabil¬ 
ity (±.02%°C). The 540 power driver is used 
to drive the power output stage. Because of 
third harmonic attenuation in the trans¬ 
former, the output is very close to a pure 
60Hz sine wave. 


DESIGN IDEAS FOR USING 
PHASE LOCKED LOOPS 

The following design ideas were drawn 
mainly from the Signetics-EDN Phase 
Locked Loop Contest. These circuits 
should be viewed as design suggestions 
only since Signetics has not verified their 
operating characteristics. In all cases, how¬ 
ever, the principle of operation appears to 
be sound. 


Quotation marks indicate quotes taken di¬ 
rectly from the contest entry. 

Aircraft VHF 
Omnidirectional Range 
(VOR) Receiver 

Herbert F. Kraemer of Minneapolis, Minne¬ 
sota, submitted the winning contest entry 
which uses one phase locked loop (562) as 
an AM detector, a second loop (565) as an 
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FM detector and a third loop (565) as a self- 
biased phase detector. 

“The circuit is a new type of VOR (VHF 
omnidirectional range) receiver used in 
air navigation to determine an airplane’s 
angular bearing with respect to a VOR 
transmitter located on the ground. The 
principles of the circuit allow any desired 
increase in accuracy, as compared to 
current units, with potential cost savings. 

“A VOR station transmits in the VHF band 
(108—117.9MHz). Two signals are trans¬ 
mitted on the same carrier, i.e., 

1. A 30Hz reference signal which fre¬ 
quency modulates an audiofrequency 
subcarrier of 9960Hz. This subcarrier 
then amplitude modulates the VHF 
carrier. 


2. A 30Hz directional signal which ampli¬ 
tude modulates the VHF carrier. 

“The latter signal varies in phase with 
respeat to the reference, depending on 
the bearing of the VOR station and the 
receiver. Both signals are in phase when 
the receiver is north of the transmitter 
and 180 degrees out of phase when the 
receiver is south. 

“Current VOR receivers are specified to 
be accurate within a 1-2 degree bearing, 
but many pilots accept 4 degree errors. 
The major design problem is to produces 
receiver which will measure phase differ¬ 
ences to an accuracy of about 1 degree, 
throughout the entire 360 degree range.” 

Although analog quarter-square multipliers 
can be built to an accuracy of 0.01%, the 


simpler analog phase detectors are only 
accurate to 3-4°. This circuit uses the 
NE562 PLL to frequency multiply the two 
30Hz signals, producing 60 and 120Hz sig¬ 
nals. A digital method combines these sig¬ 
nals, thereby dividing the entire range of 
bearings into eight 45° sectors. One of eight 
lights on the display will light, showing the 
pilot his approximate bearing. An analog 
method is then used to further determine 
the phase difference and the bearing within 
the given 45° sector. Extending the princi¬ 
ple further, sectors of 22 1/2° could be used 
for improved accuracy. 

This VOR receiver does not have the con¬ 
ventional to-from switch since it indicates 
directly throughout the entire 360° range. 
Confusion of 180° in bearing (going the 
wrong way) is impossible with this receiver. 

System Description (References to Block 
Number—Figure 9-80) 

Block 1. This is a standard VHF tuner. 

Block 2. The NE561 is used for IF and AM 
detection. 

Block 3. A low pass filter removes the 
9960Hz subcarrier. It appears 
that a zero crossing detector is 
not needed to shape the input 
signal to the NE562. 

Block 4. Frequency multiplier. 

Block 5. High pass filter. 

Block 6. FM detection of 30Hz signal. 

Block 7. A calibration adjustment to 

compensate for any phase shifts 
throughout the circuit. A gain 
may be needed since the FM 
detector output is low. 

Block 8. Another frequency multiplier. 
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Block 9. Standard ripple flip-flops for 
divide-by-two. 

Block 10. A null principle is normally used 
in a VOR receiver so that the 
pilot can fly along a predeter¬ 
mined course, nulling the nee¬ 
dle by turning his plane. To in¬ 
sure that the needle always 
reacts in the same direction for a 
given direction of error, even 
sectors are treated differently 
than odd sectors. The phase 
comparison is made with re¬ 
spect to C for sectors, and 
with respect to C for even sec¬ 
tors. 

Block 11. “At the desired null, the two 
signals must be 90 degrees out 
of phase to obtain a zero output 
from the phase detector. Some 
gain may be needed to compen¬ 
sate for the losses in Block 10. 


Block 12. The phase detector portion of 
the NE565 only is used. The 
VCO part is unused but may be 
valuable In certain types of spe¬ 
cial displays. 

An alternate form of analog 
phase detector might be an AND 
gate followed by a standard duty 
cycle integrator, such as used 
on dwell meters. 

Block 13. The digital signals from the flip- 
flops are decoded with AND 
gates to indicate the sector 
corresponding to the phase lag 
between the two 30Hz signals.’’ 

Speech Privacy Circuit 
(Speech Scrambier) 

The second place entry was that of David M. 
Alexander of Austin, Texas. His application 
for the loop was a voice scrambler- 
unscrambler for private communications. 


“This circuit utilizes the principles of 
frequency inversion and masking to ren¬ 
der speech unintelligible to listeners not 
possessing a similar unit. A synchroniza¬ 
tion signal is generated as part of the 
scrambled signal which phase locks the 
decoding carrier oscillator to the coding 
oscillator and thus guarantees minimum 
distortion in the unscrambled speech. 
This synch signal also increases the se¬ 
curity close to the inversion point where 
they are displaced only slightly from their 
original values. 

“In operation, a single circuit serves as 
both scrambler and unscrambler at one 
end of a two-way communications link. It 
is switched from the receive mode to the 
transmit mode by a multipole relay con¬ 
trolled by the push-to-talk switch on the 
system microphone or handset. 

“As can be seen by the diagram (Figure 9- 
81), the major components of the system 


VHF OMNIDIRECTIONAL RANGE 
(VOR) RECEIVER 



Figure 9-80 
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SIMPLIFIED DIAGRAM OF VOICE 
SCRAMBLER 


R 



are the synch oscillator PLL-1 (NE560N), 
the carrier oscillator-modulator PLL-2 
(NE561N) and the mixer-gain stage OA-1 
(/uA709). 

“In the transmit mode, PLL-1 is adjusted 
to free-run at the inversion frequency 
(1.5kHz), or 1/2 the desired carrier fre¬ 
quency. PLL-2 is phase locked to this 
oscillator and operates on its second 
harmonic frequency (3kHz). The audio to 
be scrambled is applied to the input of the 
multiplier of PLL-2. This produces the 
sum and difference products of the input 
audio and the encoding carrier. The sum 
product is filtered out by the low pass 
filter (Lx-Cx), leaving only the difference 
product. This product consists of the 
original audio signal with the frequency 
components inverted about 1/2 the carri¬ 
er frequency, or 1.5kHz. The square wave 
output of the oscillator of PLL-1 is low 
pass filtered by network Ly-Cy to pro¬ 
duce a sine wave sync signal which is 
mixed with the inverted speech by OA-1 
to produce the final scrambled signal. 

“In the receive mode, PLL-1 is phase 
locked to the 1.5kHz synch and masking 
signal and acts as a signal conditioner for 
this signal. PLL-2 doubles this frequency 
to produce the decoding carrier. The 
scrambled signal is notch-filtered by net¬ 
work Lz-Cz to remove the 1.5kHz sync 
and masking signal and the resultant 
inverted audio applied to the multiplier of 
PLL-2. Here it is re-inverted in a manner 
similar to that of the transmit mode. The 
resultant unscrambled audio is amplified 
in OA-1 for output to further system 
audio stages.” 

[Note: It is suggested that the 1.5kHz “sync 
and masking” signal be changed to 1.0kHz, 
since PLL-2 (free-running at 3kHz) will lock 


to the third harmonic of the 1kHz square 
wave from the PLL-1 more readily than to 
the small second harmonic of the 1.5kHz 
signal. It may then be desirable to discon¬ 
nect the notch filter during transmission. Of 
course, the filters may be implemented us¬ 
ing active filter techniques.] 

Precision Programmabie 
Time Deiay Generator 

Sam Butt of Gaithersburg, Maryland, sub¬ 
mitted the third place entry. This circuit 
provides both a pulse and a high frequency 
output at some time td after an input pulse is 
received. The interval td is programmable in 
10 steps by means of a digital output switch. 

Figure 9-82 shows the circuit in simplified 
form. It works as follows: 

The 562 VCO is set so that its center fre¬ 
quency is at a point slightly above (say 
10.5MHz) the window of the 10MHz band 
pass filter (BPF). Thus, no rf appears at the 
output. When a pulse is received at the 
input, the flip-flop is set so as to actuate one 
input A of the N8880A NAND gate. 

The other side of the NAND gate B receives 
a signal which occurs at the rate of fr/M 
where M is set by the binary-output switch. 
The output of the NAND gate begins to drive 
the N8291A binary ripple counter which is 
connected to the divide-by-N circuit in the 
loop feedback path. When 10 counts have 
been registered, the divide-by-N counter is 
putting out fo/10 or (in the assumed case) 
1.05 MHz. Since the phase comparator now 
sees two frequencies very close together, 
the loop locks up and fo = lOfr. Since fr is 
1MHz, the VCO operates at 10 MHz rf which 
the band pass filter passes to the output. 
This rf is detected and used to reset the 
input flip-flop and the counter in prepara¬ 
tion for the next input pulse. The duration of 
the rf output is determined mainly by the 


detector time constant. The duration of the 
output pulse, which begins when the rf 
detector actuates the one-shot, is deter¬ 
mined by the one-shot time constant. 

(Equation 9-51) 

The delay time is td = “T" 

Tr 

where M is settable between 1 and 10 using 
the digital switch. 

Metal Detector Using PLL 
as a Frequency Meter (565) 

The metal detector shown In Figure 9-83 
was submitted to the Signetics-EDN Phase 
Locked Loop Contest by Jim Blecksmith of 
Irvine, California. It incorporates a 565 as a 
frequency meter which indicates the fre¬ 
quency change in a Colpitts oscillator 
whose tank coil approaches a metal object. 
The loop output voltage at pin 7 is compared 
with the reference voltage at pin 6 and the 
difference amplified by meter amplifier Q4, 
Q5. 

To increase the loop output (pin 7) to about 
0.5V per percent of frequency deviation, a 
current source (Q2, Q3) is used to supply 
most of the capacitor (2.5mA) charge and 
discharge current at pin 8. The 20k resistor 
connected to pin 8 changes the charge and 
discharge current by 0.5V/20kn = 0.25mA 
or about 1% per 0.5V. Since the voltage at 
pins 8 and 7 track, the loop output voltage is 
also 0.5V per percent deviation. (This 
technique of increasing loop output swing 
for small frequency deviations is discussed 
in the Expanding Loop capability section of 
this chapter.) 

Increasing oscillator frequency, as indicat¬ 
ed by a rising meter indication, results when 
the search coil is brought near a non- 
ferrous metal object. Reduced oscillator 


856 


sjonutics 





Phase Locked Loops 


PRECISION PROGRAMMABLE TIME DELAY GENERATOR 


.001 +15V 



frequency, as indicated by a dropping meter 
reading, results from the search coil being 
brought near a ferrous object. 

Programmed Phase or 
Frequency Shift 

Howard E. Clupper of Chadds Ford, Penn¬ 
sylvania, submitted the following circuit in 
which “a digital phase shifter is inserted in 
the loop between the VCO and the phase 
comparator. The phase shift is programmed 
by sequentially selecting the ring counter 
by means of the multiplexer and up-down 
counter. 

“As shown in Figure 9-84, the eight ring 
counter outputs are separated by 45°, 
which is within the lock-in range of the 
loop. Output 1 is constrained to follow 


the phase shift introduced and may be 
used, for example, to drive a synchro¬ 
nous motor above or below its normal 
speed, while still maintaining reference 
with the input. This is accomplished by 
monitoring the contents of the up-down 
counter (which may be any length). As 
long as the counter does not overflow, 
the motor may be advanced or retarded In 
any manner and then returned to the 
original relationship with respect to the 
60Hz reference Input by running the U/D 
counter to the initial value. 

“For higher frequency outputs, a divide- 
by-N counter may be added in the normal 
manner and the output taken directly 
from the VCO at output 2. 

“Operation in this mode would provide 


means to generate a precisely controlled 
FM signal of any arbitrary center frequen¬ 
cy depending upon the frequency of the 
reference input and the value of N.” 

The 565 may be used In this circuit in place 
of the 562 for lower frequency applications 
(less than 500kHz). 

FSK Data Converter For 
Cassette Recorder 

A circuit scheme which allows an ordinary 
reel or cassette tape recorder to be used as a 
digital data recorder was submitted by 
Daniel Chin of Burlington, Massachusetts. 

“The circuit design allows any single- 
track audio tape recorder with frequency 
response to 7kHz to be used as a digital 
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recorder for many non-critical applica¬ 
tions. This application provides a com¬ 
plete data recording system using two 
recorded frequencies on a single track. 
The two frequencies are obtained from 
two synchronized NE565s. Detection of 
the recorded frequencies requires a third 
NE565. A fourth circuit is used to gener¬ 
ate and synchronize the system clock. 
The advantages obtained by using these 
techniques are elimination of the need 
for: 

1. A timing channel to strobe off the data, 
or 

2. A third frequency for null, while using 
the other two frequencies for 1 and 0. 

“This implementation, therefore, is one of 
the simplest ways to get a digital record¬ 
ing system on an audio recorder. It is 
shown in block diagram form in Figure 9- 
85. 

“The parameters chosen for the circuit 
design allow a digital recording bit rate 
of 800Hz or 100 8-bit characters per sec¬ 
ond. Though 100 characters per second 
is less than the 300-character-per- 
second speed of a high-speed paper 
tape reader, the low cost of this circuitry 
combined with the audio tape recorder 
should make this system very attractive 
from a cost performance viewpoint. This 
is especially true when compared with 
the normal Teletype speed of 10 charac¬ 
ters per second. 

“The circuits will also work with the readi¬ 
ly available low cost cassette recorders 
now available, which make compact as 
well as low cost information storage. A 
FSK system of recording is used, which 
allows the voice recording and reproduc¬ 
tion electronics of the recorder to be 
unmodified for use in recording digital 
information. The retained electronics 
may also be used to record voice 
message identiffbation of the various sec¬ 
tions of the tape. 

“The intended use of this circuit is to 
convert an audio recorder for minicom¬ 
puter written for engineering design ap¬ 
plications. Such an application requires 
good information storage and retrieval 
over a wide range of storage time. Redun¬ 
dancy may be incorporated by using a 
two-channel recorder (stereo) and a FSK 
detector per channel. The outputs of the 
two detectors could then be ORed digi¬ 
tally to recover recorded Is and, thus, 
give a safeguard against dropouts. 

Circuit Description 

“Four NE565S are used in three circuits to 
achieve the design. These are: 


“The FSK detector (Figure 9-86a) is used 
to detect 6.4kHz for a 1 and 4.8kHz for a 0. 
The data output is taken from a ^A711 
connected to pins 7 and 6 of the NE565. 
The recording method used is RZ FSK, 
which means that a zero is recorded as 
4.8kHz for the entire bit period and one is 
recorded as 6.4kHz for about 60 percent 
of the period and 4.8kHz for the remain¬ 
ing 40 percent of the period. This 60 
percent bit duty cycle insures that the 
clock wiir synchronize with a negative 
transition during the time that a 1 should 
be detected. 

“The clock generator (Figure 9-86b) is 
used to derive the 800Hz with no input. 
When the data pulses are extracted from 
the recorded data, the clock is synchro¬ 


nized to the data. The design allows up to 
7 zeros in succession without causing the 
clock to go out of synchronization. This 
condition is easily met if odd parity is 
used to record the 8-bit characters. (One 
of the 8 bits is a parity bit and, thus, one 
bit out of 8 is always a one.) 

“The FSK generator (Figure 9-86c) pro¬ 
vides the FSK signal for recording on 
tape. It consists of 2 oscillators locked to 
the basic 800Hz system clock but oscil¬ 
lating at 6.4kHz and 4.8kHz. The incom¬ 
ing data to be recorded selects either 
oscillator as the frequency to be re¬ 
corded. Harmonic suppression of the 
square wave output is taken care of auto¬ 
matically by the high frequency roll off 
characteristic of the tape recorder.” 
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Tape Recorder Flutter Meter 

Using the 561 as a flutter meter for tape 
recorders was suggested by Ronald Blair of 
Houston, Texas. His circuit is given in Fig¬ 
ure 9-87. 

“The Signetics PLL 561N is used to detect 
the frequency variations of the playback 
3kHz tone. The VCO frequency is set to a 
nominal 3kHz by Co and fine tuning trim¬ 
mer. The demodulated output is ac cou¬ 
pled to a high input impedance amplifier. 
An oscilloscope can be used to measure 
peak deviations and a true RMS voltmeter 
is used to make RMS flutter readings. 
Note: Waveform is complex and averag¬ 
ing or peak reading meters will not give 
true readings. 

“The output may be calibrated by feeding 
in a 3kHz tone from an oscillator and 
offsetting the frequency by 1% and 
measuring the output level shift. Good 
recorders have RMS flutter of less than 
0.1%. The output can be filtered to study 
selected frequency bands. 

“Speed variations in the movement of 
tape across the heads in a 4 tape recorder 
cause the playback frequency to vary 
from the original signal being recorded. 
These speed variations are caused by 
mechanical problems associated with the 



tape drive and tape guidance mecha¬ 
nisms. The variation in frequency of the 
playback signal is called flutter and is 
generally measured over a frequency 
range of 0.5Hz + 0.200Hz. 

“Test tapes with low recorded flutter 
variations are available to test playback 
mechanisms. These tapes are standard¬ 
ized at 3kHz. With the systems equipped 
with record heads, a 3kHz can be re¬ 
corded for analysis.” 

[Note: A 565 may be used in place of the 

561N since the frequency is quite low.] 
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Appendices of Commonly Used Tables 


INCHES 

DECIMAL 

EQUIVALENT 

MILLIMETER 

EQUIVALENT 

1/64 

1/32 


.0156 

.0313 

0.397 

0.794 

3/64 


1/16 

.0469 

.0625 

1.191 

1.588 

5/64 

3/32 


.0781 

.0938 

1.985 

2.381 

7/64 


1/8 

.1094 

.1250 

2.778 

3.175 

9/64 

5/32 


.1406 

.1563 

3.572 

^.969 

11/64 


3/16 

.1719 

.1875 

4.366 

4.762 

13/64 

7/32 


.2031 

.2188 

5.159 

5.556 

15/64 


1/4 

.2344 

.2500 

5.953 

6.350 

17/64 

9/32 


.2656 

.2813 

6.747 

7.144 

19/64 


5/16 

.2969 

.3125 

7.541 

7.937 

21/64 

11/32 


.3281 

.3438 

8.334 

8.731 

23/64 


3/8 

.3594 

.3750 

9.128 

9.525 

25/64 

13/32 


.3906 

.4063 

9.922 

10.319 

27/64 


7/16 

.4219 

.4375 

10.716 

11.112 

29/64 

15/32 


.4531 

.4688 

11.509 

11.906 

31/64 


1/2 

.4844 

.5000 

12.303 

12.700 

33/64 

17/32 


.5156 

.5313 

13.097 

13.494 

35/64 


9/16 

.5469 

.5625 

13.891 

14.287 

37/64 

19/32 

■ 

.5781 

.5938 

14.684 

15.081 

39/64 


5/8 

.6094 

.6250 

15.478 

15.875 

41/64 

21/32 


.6406 

.6563 

16.272 

16.669 

43/64 


11/16 

.6719 

.6875 

17.067 

17.463 

45/64 

23/32 


.7031 

.7188 

17.860 

18.238 

47/64 


3/4 

.7344 

.7500 

18.635 

19.049 

49/64 

25/32 


.7656 
.7813 , 

19.446 

19.842 

51/64 


13/16 

.7969 

.8125 

20.239 

20.636 

53/64 

27/32 


.8281 

.8438 

21.033 

21.430 

55/64 


7/8 

.8594 

.8750 

21.827 

22.224 

57/64 

29/32 


.8906 

.9063 

22.621 

23.018 

59/64 


15/16 

.9219 

.9375 

23.415 

23.812 

61/64 

31/32 


.9531 

.9688 

24.209 

24.606 

63/64 


1.0 

.9844 

1.0000 

25.004 

25.400 


MATHEMATICAL CONSTANTS 


TT 

27r 

(27r)2 

47r 

TT^ 

TT 

2 

1 

TT 


3.14 

= 1.77 

6.28 

39.5 


12.6 

a/2 = 1.41 

9.87 

Vs = 1.73 

1.57 

_L = 0.707 
V2 

0.318 

J_ = 0.577 
V3 


1 

27r 

1 


1 

\/ TT 


= 0.159 

= 0.101 

= 0.564 


log TT = 0.497 
log I = 0.196 

log = 0.994 
log\/7r= 0.248 


TEMPERATURE CONVERSION TABLE 


-100 

- 95 

- 90 

- 85 

- 80 

- 75 

- 70 

- 65 

- 60 

- 55 
-50 

- 45 

- 40 

- 35 

- 30 

- 25 

- 20 

- 15 

- 10 
- 5 

0 

-f 5 

+ 10 
+ 15 
+ 20 
+ 25 
+ 30 
+ 35 
+ 40 
+ 45 
+ 50 
+ 55 


°F 

-148 

-139 

-130 

-121 

-112 

-103 

- 94 

- 85 

- 76 

- 67 

- 58 

- 49 

- 40 

- 31 

- 22 

- 13 

- 4 
+ 5 
+ 14 
+ 23 
+ 32 
+ 41 
+ 50 
+ 59 
+ 68 
+ 77 
+ 86 
+ 95 
+ 104 
+ 113 
+ 122 
+ 131 


°C 

+ 60 
+ 65 
+ 70 
+ 75 
+ 80 
+ 85 
+ 90 
+ 95 
+ 100 
+ 105 
+ 110 
+ 115 
+ 120 
+ 125 
+ 130 
+ 135 
+ 140 
+ 145 
+ 150 
+ 155 
+ 160 
+ 165 
+ 170 
+ 175 
+ 180 
+ 185 
+ 190 
+ 195 
+200 
+205 
+210 
+215 


°F 

+ 140 
+ 149 
+ 158 
+ 167 
+ 176 
+ 185 
+ 194 
+203 
+212 
+221 
+230 
+239 
+248 
+257 
+266 
+275 
+284 
+293 
+302 
+311 
+320 
+329 
+338 
+347 
+356 
+365 
+374 
+383 
+392 
+401 
+410 
+419 


°F 

+428 

+437 

+446 

+455 

+464 

+473 

+482 

+491 

+500 

+509 

+518 

+527 

+536 

+545 

+554 

+563 

+572 

+581 

+590 

+599 

+608 

+617 

+626 

+635 

+644 

+653 

+662 

+671 

+680 

+689 

+698 

+707 


°C 

+380 

+385 

+390 

+395 

+400 

+405 

+410 

+415 

+420 

+425 

+430 

+435 

+440 

+445 

+450 

+455 

+460 

+465 

+470 

+475 

+480 

+485 

+490 

+495 

+500 

+505 

+510 

+515 

+520 

+525 

+530 

+535 


°F 

+716 

+725 

+734 

+743 

+752 

+761 

+770 

+779 

+788 

+797 

+806 

+815 

+824 

+833 

+842 

+851 

+860 

+869 

+878 

+887 

+896 

+905 

+914 

+923 

+932 

+941 

+950 

+959 

+968 

+977 

+986 

+995 


+220 

+225 

+230 

+235 

+240 

+245 

+250 

+255 

+260 

+265 

+270 

+275 

+280 

+285 

+290 

+295 

+300 

+305 

+310 

+315 

+320 

+325 

+330 

+335 

+340 

+345 

+350 

+355 

+360 

+365 

+370 

+375 
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Appendices of Commonly Used Tables 


TABLE OF DECIBELS 


1 DECIBEL_ 

.DECIBEL 

DECIBEL, 

...^DECIBEL 

(Power) 

DECIBEL_ 

DECIBEL 

DECIBEL , 

DECIBEL 

1 (Voltage) 

LUbb GAIN (po^er) 

(Voltage) 

(Voltage) 

LUbb 

GAIN (Power) 

(Voltage) 

GAIN (Power) 

1 .0 1.0000 

1.000 

.0 


5.0 

.1 

.5623 

1.778 

.50 

10.0 

.3162 

3.162 5.00 

15.0 

.1778 

5.623 

.50 

.1 

.9886 

1.012 

.05 


.5559 

1.799 

.55 

.1 

.3126 

3.199 

.05 

.1 

.1758 

5.689 

.55 

.2 

.9772 

1.023 

10 


.2 

.5495 

1.820 

.60 

.2 

.3090 

3.236 

.10 

.2 

.1738 

5.754 

.60 

.3 

.9661 

1.035 

15 


.3 

.5433 

1.841 

.65 

.3 

.3055 

3.273 

.15 

.3 

.1718 

5.821 

.65 

.4 

.9550 

1.047 

.20 


.4 

.5370 

1.862 

.70 

.4 

.3020 

3.31 1 

.20 

.4 

.1698 

5.888 

.70 

.5 

.9441 

1.059 

.25 


.5 

,5309 

1.884 

.75 

.5 

.2985 

3.350 

.25 

,5 

.1679 

5.957 

.75 

.6 

.9333 

1.072 

30 


.6 

.5248 

1.905 

.80 

.6 

.2951 

3.388 

.30 

6 

.1660 

6.026 

.80 

.7 

.9226 

1.084 

.35 


.7 

.5188 

1.928 

.85 

.7 

.2917 

3.428 

.35 

.7 

.1641 

6.095 

.85 

.8 

.9120 

1.096 

,40 


.8 

.5129 

1.950 

.90 

.8 

.2884 

3.467 

.40 

.8 

.1622 

6.166 

.90 

.9 

.9016 

1.109 

.45 


.9 

.5070 

1.972 

.95 

.9 

.2851 

3.508 

.45 

.9 

.1603 

6.237 

.95 

1.0 

.1913 

1.122 

SO 


6.0 

.5012 

1.995 3.00 

11.0 

.2818 

3.548 

.50 

16.0 

.1585 

6.310 8.00 1 

.1 

.8810 

1.135 

55 


.1 

.4955 

2.018 

.05 

.1 

.2786 

3.589 

.55 

.1 

.1567 

6.383 

.05 

.2 

.8710 

1.148 

.60 


.2 

.4898 

2.042 

10 

.2 

.2754 

3.631 

.60 

.2 

.1549 

6.457 

.10 

.3 

.8610 

1.161 

.65 


.3 

.4842 

2.065 

.15 

.3 

.2723 

3.673 

.65 

,3 

.1531 

6.531 

.15 

.4 

.8511 

1.175 

.70 


.4 

.4786 

2.089 

.20 

.4 

.2692 

3.715 

.70 

.4 

.1514 

6.607 

.20 

.5 

.8414 

1.189 

.75 


.5 

.4732 

2.1 13 

.25 

.5 

.2661 

3.758 

.75 

.5 

.1496 

6.683 

.25 

.6 

.8318 

1.202 

.80 


.6 

.4677 

2.138 

.30 

.6 

.2630 

3.802 

•80 

,6 

.1479 

6.761 

.30 

.7 

.8222 

1.216 

.85 


.7 

.4624 

2.163 

.35 

.7 

.2600 

3.846 

.85 

.7 

.1462 

6.839 

.35 

.8 

.8128 

1.230 

.90 


.8 

.4571 

2.188 

.40 

.8 

.2570 

3.890 

.90 

,8 

.1445 

6.918 

.40 

.9 

.8035 

1.245 

.95 


.9 

.4519 

2.213 

.45 

.9 

.2541 

3.936 

.95 

.9 

.1429 

6.998 

.45 

2.0 

7943 

1.259 1.00 


7.0 

.4467 

2.239 

.50 

12.0 

.2512 

3.981 6.00 

17.0 

.1413 

7.079 

.50 

.1 

.7852 

1.274 

.05 


.1 

.4416 

2.265 

.55 

.1 

.2483 

4.027 

.05 

,1 

.1396 

7.161 

.55 

.2 

.7762 

1.288 

.10 


.2 

.4365 

2.291 

.60 

.2 

.2455 

4.074 

.10 

.2 

.1380 

7.244 

.60 

.3 

.7674 

1.303 

.15 


.3 

.4315 

2.317 

.65 

.3 

.2427 

4.121 

.15 

.3 

,1365 

7.328 

.65 

.4 

.7586 

1.318 

.20 


.4 

.4266 

2.344 

.70 

.4 

.2399 

4.169 

.20 

.4 

.1349 

7.413 

.70 

.5 

.7499 

1.334 

.25 


.5 

.4217 

2,371 

.75 

.5 

.2371 

4.217 

.25 

.5 

.1334 

7.499 

.75 

.6 

.7413 

1.349 

.30 


.6 

.4169 

2.399 

.80 

.6 

.2344 

4.266 

.30 

.6 

.1318 

7.586 

.80 

.7 

.7328 

1.365 

.35 


,7 

.4121 

2.427 

.85 

.7 

.2317 

4.315 

.35 

.7 

.1303 

7.674 

.85 

.8 

.7244 

1.380 

.40 


.8 

.4074 

2.455 

.90 

.8 

.2291 

4.365 

.40 

.8 

.1288 

7.762 

.90 

.9 

.7161 

1.396 

.45 


.9 

.4027 

2.483 

.95 

.9 

.2265 

4.416 

.45 

.9 

.1274 

7.852 

.95 

3.0 

7079 

1.413 

.50 


8.0 

.3981 

2.512 4.00 

13.0 

.2239 

4.467 

.50 

18.0 

.1259 

7.943 9.00 

.1 

.6998 

1.429 

55 


.1 

.3936 

2.541 

.05 

.1 

.2213 

4.519 

.55 

.1 

.1245 

8.035 

.05 

.2 

.6918 

1.445 

.60 


.2 

.3890 

2.570 

.10 

.2 

.2188 

4,571 

.60 

.2 

.1230 

8.128 

.10 

.3 

.6839 

1.462 

.65 


,3 

.3846 

2.600 

.15 

.3 

.2163 

4.624 

.65 

.3 

,1216 

8.222 

.15 

.4 

.6761 

1.479 

.70 


.4 

.3802 

2.630 

20 

.4 

.2138 

4.677 

.70 

.4 

.1202 

8.318 

.20 

.5 

.6683 

1.496 

.75 


.5 

.3758 

2.661 

.25 

.5 

.2113 

4.732 

.75 

.5 

.1189 

8.414 

.25 

.6 

.6607 

1.514 

.80 


.6 

.3715 

2.692 

.30 

.6 

.2089 

4.786 

.80 

.6 

.1175 

8.51 1 

,30 

.7 

.6531 

1.531 

.85 


.7 

.3673 

2.723 

.35 

.7 

.2065 

4.842 

.85 

.7 

.1161 

8.610 

.35 

.8 

.6457 

1.549 

.90 


.8 

.3631 

2.754 

.40 

.8 

.2042 

4.898 

.90 

.8 

.1 148 

8.710 

.40 

.9 

.6383 

1.567 

.95 


.9 

.3589 

2.786 

.45 

.9 

.2018 

4.955 

.95 

9 

.1135 

8.81 1 

.45 

4.0 

.6310 

1 . S 85 2.00 


9.0 

.3548 

2.818 

.50 

14.0 

.1995 

5.012 7.00 

19.0 

.1122 

8.913 

.50 

.} 

.6237 

1.603 

.05 


.1 

.3508 

2.851 

.55 

.1 

.1972 

5.070 

.05 

.1 

.1109 

9.016 

.55 

.2 

6166 

1.622 

,10 


.2 

.3467 

2.884 

.60 

.2 

.1950 

5.129 

.10 

.2 

.1096 

9.120 

.60 

.3 

.6095 

1.641 

.15 


.3 

.3428 

2.917 

.65 

.3 

.1928 

5.188 

.15 

.3 

.1084 

9.226 

.65 

.4 

.6026 

1.660 

.20 


.4 

,3388 

2.951 

.70 

.4 

.1905 

5.248 

,20 

.4 

.1072 

9.333 

.70 

.5 

.5957 

1.679 

.25 


.5 

.3350 

2.985 

.75 

.5 

.1884 

5.309 

.25 

.5 

.1059 

9.441 

.75 

.6 

.5888 

1.698 

.30 


.6 

.3311 

3.020 

.80 

.6 

.1862 

5.370 

.30 

.6 

.1047 

9.550 

,80 

.7 

.5821 

1.718 

.35 


.7 

.3273 

3.055 

.85 

.7 

.1841 

5.433 

.35 

.7 

.1035 

9.661 

.85 

.8 

.5754 

1.738 

.40 


■8 

.3236 

3.090 

.90 

.8 

.1820 

5.495 

.40 

.8 

.1023 

9.772 

.90 

.9 

.5689 

1.758 

.45 


.9 

.3199 

3.126 

.95 

.9 

.1799 

5.559 

.45 

.9 

.1012 

9.886 

.95 

DECIBEL osg 

(Voltage) 



GAIN 


DECIBEL 

(Power) 

DECIBEL 

(Voltage) 

LOSS 


GAIN 

DECIBEL 

(Power) 

20.0 


1000 



10.00 


10.00 


60.0 


.001 


1,000 

30.00 


Use 

the same 


Use the same 

This 



Use 

the same 


Use the same 

This 



numbers as 0- 


numbers as 0- 

column 



numbers as 0- 


numbers as 0- 

column 



20 dB, but shift 


20 dB, but shift 

repeats 



20dB, but shift 


20dB, but shift 

repeats 



point one step 


point one step 

every 



point three 


point 

three 

every 



to the left. 


to the right 


10dB 



steps to the 


steps 

to the 

lOdB 



Thus since 


Thus since 


instead of 



left. 



right. 


instead 



lOdB 

= .3162 


lOdB = 3.162 

every 20dB 


Thus since 


Thus since 

of every 


30dB 

= .03162 


30dB = 31.62 




10dB = .3162 


lOdB 

= 3.162 

20dB 












70dB = .0003162 

70dB 

= 3162. 



40.0 


.01 



100 


20.00 


80.0 


.0001 


10,000 

40.00 


Use 

the same 


Use the same 

This 



Use 

the same 


Use the same 

This 



numbers as 0- 


numbers as 0- 

column 



numbers as 0- 


numbers as 0- 

column 



20 dB, but shift 


20 dB, but shift 

repeats 



20 dB, but shift 


20dB, 

but shift 

repeats 



point two 


point two 

every 



point four 


point four 

every 



steps 

to the 


steps to the 

10dB 



steps to the 


steps 

to the 

lOdB 



left. 



right. 


instead of 



left. 



right. 


instead 



Thus since 


Thus since 


every 



Thus since 


Thus since 

of every 


lOdB 

= .3162 


lOdB = 3.162 

20dB 



10dB = .3162 


lOdB 

= 3.162 

20dB. 



50dB 

= .003162 

50db = 316.2 




90dB = .00003162 

90dB 

= 31620. 












100.0 


.00001 


100,000 

50.00 
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Appendices of Commonly Used Tables 


FREQUENCY CONVERSION FACTORS 



Frequency Conversion Factors 
1 min=60 sec=6 x lO^/asec 
1 hr =3600 sec=3.6 X lO^ //sec 
1 day=8.64 x 10^sec=8.64 x lO’Ojusec 
1 microsecond/min=1.667 x 10 ® 

1 microsecond/hr.=2.78 X 10'’° 

1 microsecond/day=1.16 x 10 ’ ’ 
Fractional frequency error, = 

difference in microseconds ^ 10 ® 
elapsed time in seconds 


866 


SignDtiCB 




ffliimiRr 


SiJjnOtiCS 


867 



868 


sfgnDtiEB 




JB 

JBX 

RBX 

RB 

S 

JAN 

Qualified 

JAN 

Processed 

JAN 

Rel 

/883 

Mil 

Temp 

54/54H 

X 

X 

X 

X 

X 

54LS 

X 

X 

X 

X 

X 

54S 

X 

X 

X 

X 

X 

82/8T 

X 

X 

X 

X 

X 

93XX 

X 

X 

X 

X 

X 

96XX 

— 

— 

X 

X 

X 

Linear 

Planned 

X 

X 

X 

X 

Bipolar Memory 

Planned 

— 

X 

X 

X 

Microprocessor 

— 

— 

X 

X 

X 


Table 1 MILITARY SUMMARY 


JAN 

CASE OUTLINE 

AND 

LEAD FINISH 

SIGNETICS MILITARY PACKAGE TYPES 


Dual-ln-Line 

8-Pln 

10-Pln 

14-Pln 

16-Pin 

24-Pin 

CB 


— 

F 

— 


EB 

_ 

— 

_ 

F 


JB 


— 

— 

— 

l/F* 

DB 

_ 

— 

W 

— 

— 

FB 


— 

— 

W 


ZC 

— 

— 

— 

— 

Q 

GC 

T 

— 

— 

— 


IC 

— 

K 

— 

— 

— 


*The gold plated versions of these packages will be available for a limited time. 
Alt products listed in the Military section are also available in Die form. 


Table 2 MILITARY PACKAGE AVAILABILITY 


The Signetics Mil 38510/883 Program Is 
organized to provide a broad selection of 
processing options, structured around the 
most commonly requested customer flows. 
The program is designed to provide our 
customers: 

• Standard processing flows to help minimize the 
need for custom specs. 

• Cost savings realized by using standard pro¬ 
cessing flows in lieu of custom flows. 

• Better delivery lead times by minimizing spec 
negotiation time, plus allows customers to buy 
product off-the-shelf or in various stages of 
production rather than waiting for devices 
started specifically to custom specs. 

The following explains the different pro¬ 
cessing options available to you. Special 
device marking clearly distinguishes the 
type of screening performed. Refer to 
Tables 1 and 2. 

JAN QUALIFIED (JB) 

JAN Qualified product is designed to give 
you the optimum in quality and reliability. 
The JAN processing level is offered as the 
result of the government’s product stand¬ 
ardization programs, and is monitored by 
the Defense Electronic Supply Center 
(DESC), through the use of industry-wide 
procedures and specifications. 

JAN Qualified products are manufactured, 
processed and tested in a government certi¬ 
fied facility to Mil-M 38510, and appropriate 
device slash sheet specifications. Design 
documentation, lot sampling plans, electri¬ 
cal test data and qualification data for each 
specific part type has been approved by the 
Defense Electronic Supply Center (DESC) 
and products appearon the DESC Qualified 
Products List (QPL-38510). 

Group B testing, per Mil-Std-883 Method 
5005, is performed on each six weeks of 
production on each slash sheet for each 
package type. Group C, per Mil-Std-883 
Method 5005, is performed every ninety 
days for each microcircuit group. Group D 
testing, per Mil-Std-883 Method 5005, is 
performed every six months for each pack¬ 
age type. 

In addition to the common specs used 
throughout the industry for processing and 
testing, JAN Qualified products also pos¬ 
sess a requirement for a standard marking 
used throughout the IC industry. 

JAN PROCESSING (JBX) 

This option is extremely useful when the 
reliability and screening of a JAN device is 
required, however, Signetics is not listed on 
the QPL for the product needed. Processing 
is performed to Mil-Std-883 Method 5004, 
and product is 100% electrically tested to 
the appropriate JAN slash sheet. 

Group B, C and D data for JAN processed 
and the other military processing levels 


which follow, consist of Group B, C and D 
testing performed per Mil-Std-883 Method 
5005, in accordance with the Signetics Mili¬ 
tary Data Program. 

JAN REL (RBX) 

Processing to this option is ideal when no 
JAN slash sheets are released on devices 
required. Product is processed to Mil-Std- 
883 Method 5004, and Is 100% electrically 
tested to industry data sheets. 

/883B (RB) 

This is a lower priced version of the JAN Rel 
option described above. Processing is 
identical with the only exceptions being the 
dc electrical testing over the temperature 
range and ac electrical testing at room 
temperature are performed as a part of 
Group A instead of 100%. 

MIL TEMP/883C (S/RC) 

If you need a Military temp, range device. 


but do not require all the high reliability 
screening performed in the other process¬ 
ing options, our Mil-Temp, product is ideal. 
Mil-Temp, parts are the standard full Mil- 
Temperature range product guaranteed to a 
1% AQL to the Signetics data sheet parame¬ 
ters. 

MILITARY GENERIC DATA 

Signetics has a new program for those 
customers who require quality conform¬ 
ance data on their products. This program 
allows our customers to obtain reliability 
information without the necessity of run¬ 
ning Groups B,C and D inspections for their 
particular purchase order. It provides for the 
customer something that has not been read¬ 
ily available before in the semiconductor 
industry in that all Military Generic Data is 
controlled and audited by both Government 
Inspection in the case of JAN data and 
Signetics Quality Assurance. 
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Signetics Military Generic Data is compiled 
by the Military Products Division based on 
data from 1) JAN quality conformance lots, 
and 2) Data generated by quality conform¬ 
ance lots run for other reliability programs. 
Refer to Table 3. 

A Military Generic family is defined as con¬ 
sisting of die function and package type 
families. 


Military Generic Data 

• Allows our customers to qualify Signet¬ 
ics products based on existing quality 
conformance data performed at Signet¬ 
ics. 

• Allows our customers to reduce costs 


and improve deliveries. 

• Provides assurance that all Signetics die 
function families and packages meet 
Mil-M-38510 and customer reliability re¬ 
quirements. 

• Provides an attributes summary to the 
customer backed by lot identity and 
traceability. 


QUALIFIED 

SUB-GROUPS 

QUALIFIES 

OPTION 1 

OPTION 2 

A 

B 

Electrical Test 

Package—Same package construction and lead 
finish. 

See NOTE 1 

Data selected from devices man¬ 
ufactured within 6 weeks of the 
manufacturing period on the 
same production line through 
final seal. 

See NOTE 1 

Data selected from devices 
manufactured within 24 weeks 
of manufacturing period. 

C 

Die/Process—Devices representing the same 
process families. 

Data selected from representa¬ 
tive devices from the same mi¬ 
crocircuit group and sealed 
within 12 weeks of the man¬ 
ufacturing period. 

Data selected from the repre¬ 
sentative devices from the 
same microcircuit group and 
sealed within 48 weeks of the 
manufacturing period. 

D 

Package—Same package construction and lead 
finish. 

Data selected from the devices 
representing the same package 
construction and lead finish 
manufactured within the 24 
weeks of manufacturing period. 

Data selected from the devices 
representing the same pack¬ 
age construction and lead fin¬ 
ish manufactured within the52 
weeks of manufacturing peri¬ 
od. 



If specific data not available, 
Option 2 will be supplied. 


NOTE 

1. Group A is performed on each lot or sublot of Signetics devices. 


Table 3 DEFINITION AND QUALIFYING MANUFACTURING PERIODS 
FOR GENERIC DATA 
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PROCESSING LEVELS 


DESCRIPTION OF 
REQUIREMENTS 
AND SCREENS 

MIL-M-38510 AND MIL-STD- 
883 REQUIREMENTS, METH¬ 
ODS AND TEST CONDITIONS 

REQUIRE¬ 

MENT 

CLASS 

A 

JAN 

Qualified 

(JB) 

JAN 

Proc¬ 

essed 

(JBX) 

JAN 

Rei 

(RBX) 

/883B 

(RB) 

/883C 

(RC) 

General Mil-M-38510 

1. Pre-Certification 

A. Product Assur¬ 
ance Program Plan 

B. Manufacturer’s 
Certification 

The manufacturer shall estab¬ 
lish and implement a Products 
Assurance Program Plan and 
provide for a manufacturer sur¬ 
vey by the qualifying activity, 
Para. 3.4.1.1 


X 

X 

N/A 

N/A 

N/A 

N/A 

2. Certification 

Received after manufacturer has 
completed a successful survey, 
Para. 3.4.1.2 


X 

X 

N/A 

N/A 

N/A 

N/A 

3. Device Qualifica¬ 
tion 

Device qualification shall con¬ 
sist of subjecting the desired de¬ 
vice to groups A, B, C & D of 
method 5005 to tightened LTPD, 
Para. 3.4.1.2 


X 

X 

N/A 

N/A 

N/A 

N/A 

4. Traceability 

Traceability maintained back to 
a production lot Para. 3.4.6 

— 

X 

X 

X 

X 

X 

X 

5. Country of Origin 

Devices must be manufactured, 
assembled, and tested within the 
U.S. or its territories, Para. 3.2.1 


X 

X 

N/A 

N/A 

N/A 

N/A 

Screening Per Method 
5004 of Mil-Std-883 









6. Internal Visual (Pre- 

2010, Cond. A or B 

100% 

XA 

XB 

XB 

XB 

XB 

XB 

cap) 









7. Stabilization Bake 

1008, Cond. C Min; 

(24 Hrs @ 150°C) 

100% 

1 

X 

X 


X 

X 

X 

8. Temperature 

Cycling* 

1010, Cond. C; 

(10 cycles, -65°C to +150°C) 

100% 

X 

X 

X 

X 

X 

X 

*For Class B and C de¬ 
vices thermal shock may 
be substituted, 1011, 
Cond. A; (15 cycles, 0° 
to +100°C) 


1 

j 

i 







9. Constant Accelera¬ 
tion 

2001, Cond. E; 

(30kg in Yl Plane) 

100% 

! 

X 

X 

X 

X 

X 

X 

10. Visual Inspection 

11. Seal (Hermeticity) 

There is no test method for this 
screen; it is intended only for the 
removal of “Catastrophic Fail¬ 
ures” defined as “Missing Leads, 
Broken Packages or Lids Off.” 

1014 

100% i 

i 

X 

X 

X 

X 

1 

X 

X 

A. Fine 

Cond. A or B (5.0 X 10-8CC/Sec) 

100% 

X 

X 

X 

X 

X 

X 

B. Gross 

Cond. C2 Min. 

100% 

X 

X 

X 


X 

X 

12. Interim Electricals 

Per applicable device specifica¬ 

100% 

100% 

Slash 

Slash 

Data 

Data 


(Pre Burn-In) 

13. Burn-In 

tion 

1015, Cond. as specified (160 

Optional 

Read & 
Record 

Sheet 

Sheet 

Sheet 

Sheet 

N/A 

14. Final Electricals 

hrs. Min. at 125°C) 

Per applicable Device Specifi¬ 

100% 

100% 
240 hrs. 

X 

X 

X 

X 

N/A 

A. Static Tests 

cation 

100% 

100% 
Read & 
Record 

Slash 

Sheet 

Slash 

Sheet 

Data 

Sheet 

Data 

Sheet 

Data 

Sheet 

@ 25° C 

Sub Group 1 


X 

X 

X 

X 

X 

X 

B. Static Tests 









@ +125°C 

Sub Group 2 


X 

X 

X 

X 

N/A 

N/A 

C. Static Tests 









@ -55°C 

Sub Group 3 


X 

X 

X 

X 

N/A 

N/A 


Table 4 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD CLASS B PRODUCTS 
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PRQCESSING LEVELS 

DESCRIPTION OF 

MIL-M-38510 AND MIL-STD- 

REQUIRE- 

CLASS 


JAN 




REQUIREMENTS 

883 REQUIREMENTS, METH- 

MENT 

A 

JAN 

Proc- 

JAN 



AND SCREENS 

ODS AND TEST CONDITIONS 



Qualified 

essed 

Rel 

/883B 

/883C 





(JB) 

(JBX) 

(RBX) 

(RB) 

(RC) 

D. Dynamic Test 









@ 25° C 

Sub Group 4 for (Linear Product 
Mainly) 


X 

X 

X 

X 

X 

X 

E. Functional 

Test @ 25° C 

F. Switching 

Sub Group 7 


X 

X 

X 

X 

X 

X 

Test @ 25° C 

Sub Group 9 


X 

X 

X 

X 

N/A 

N/A 

15. Percent Defective al- 

A PDA of 10% is a normal re- 








lowable (PDA) 

quirement applied against the 
static tests @ 25°C (A-1). This is 
controlled by the slash sheets 
for JB & JBX products. For RBX 
& RB 10% is standard. 

10% 

5% 

X 

X 

X 

X 

N/A 

16. Marking 

Fungus Inhibiting Paint 

100% 

As Req’d 

JM38510/ 

M38510/ 

M38510/ 

SXXXX/ 

SXXXX/ 





xxxx 

XXXX 

SXXXX 

883B 

883C 





Slash 

Slash 

Sig. 

Sig. 

Sig. 





Sheet # 

Sheet # 

Basic # 

Basic # 

Basic # 

17. X-Ray 

2012 


100% 

N/A 

N/A 

N/A 

N/A 

N/A 

18. External Visual 

2009 

100% 

X 

X 

X 

X 

X 

X 

Quality Conformance 
Inspection per Method 
5005 of Mii-Std-883 









19. Group A 

Electrical Tests-Final Electri¬ 
cals (#14 above) repeated on a 
sample basis. (Sub Groups 1 
thru 12 as specified.) 

Each Lot 

X 

X 

X 

X 

X 

X 

20. Group B 

Package functional and con¬ 

Every 6 

X 

X 

Generi 

icData Avai 

liable 



structional related test I.E. pack¬ 

week per 








age dimensions, resistance to 

microcircuit 








solvents, internal visual & me¬ 
chanical, bond strength & sol- 
derability. 

group 







21. Group C 

Die related tests I.E. 1,000 hr. op¬ 

Every 3 








erating life, temperature cycling. 

months per 

X 

X 

Generic Data Available 



& constant acceleration. 

package 









type 







22. Group D 

Package related tests I.E. physi¬ 

Every 6 








cal dimensions, lead fatigue. 

months per 








thermal shock, temperature cy¬ 

package type 

X 

X 

Generic Data Available 



cle, moisture resistance, me¬ 
chanical shock, vibration vari¬ 
able frequency constant 
acceleration, & salt atmos¬ 
phere. 









Table 4 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD CLASS B PRODUCTS (Cont’d) 
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LOGIC—5400 SERIES 





JAN 

QUAL* 

JAN 

PROC¬ 

ESSED 

MIL 

REL/883 

DEVICE 

DESCRIPTION 

JM38510 

SLASH 

SHEET 

Q. 

Q 

FLATPACK 

0. 

O 

FLATPACK 

Q. 

O 

FLATPACK 

5400 

Quad 2-Input NAND Gate 

/00104 

1 

1 

F 

W 

F 

W 

5401 

Quad 2-Input NAND Gate 
with o/c 

/00107 

1 

1 

F 

W 

F 

W 

5402 

Quad 2-Input NOR Gate 

/00401 

1 

1 

F 

w 

F 

w 

5403 

Quad 2-Input NAND Gate 
with o/c 

/00109 

1 

1 

F 


F 

— 

5404 

Hex Inverter 

/00105 

1 

1 

F 

w 

F 

w 

5405 

Hex Inverter with o/c 

/00108 

1 

1 

F 

w 

F 

w 

5406 

Hex Inverter w/Buffer/Driver 
with o/c 

/00801 

— 

— 

F 

w 

F 

w 

5407 

Hex Buffer/Driver with o/c 

/00803 

— 

— 

F 

w 

F 

w 

5408 

Quad 2-Input AND Gate 

/01601 

1 

1 

F 

w 

F 

w 

5409 

Quad 2-Input AND Gate 
with o/c 

/01602 

1 

1 

F 

w 

F 

w 

5410 

Triple 3-Input NAND Gate 

/00103 

1 

1 

F 

w 

F 

w 

5411 

Triple 3-Input NAND Gate 

— 


— 

— 


F 

w 

5412 

Triple 3-Input NAND Gate 
wih o/c 

/00106 

— 

— 

— 

— 

F 

w 

5413 

Dual NAND Schmitt Trigger 

/15101 

* 

* 

F 

w 

F 

w 

5414 

Hex Schmitt Trigger 

/15102 


* 

F 

w 

F 

w 

5416 

Hex Inverter Buffer/Driver 
with o/c 

/00802 

— 

— 

F 

w 

F 

w 

5417 

Hex Buffer/Driver with o/c 

/00804 

— 

— 

F 

w 

F 

w 

5420 

Dual 4-Input NAND Gate 

/00102 

1 

1 

F 

w 

F 

w 

5421 

Dual 4-Input AND Gate 

— 


— 

— 

— 

F 

w 

5426 

Quad 2-Input NAND Gate 
with o/c 

/00805 

1 


F 

— 

F 

— 

5427 

Triple 3-Input NOR Gate 

/00404 

* 

* 

F 

w 

F 

w 

5428 

Quad 2-Input NOR Buffer 

/16201 

— 


__ 

— 

F 

w 

5430 

8-Input NAND Gate 

/00101 

1 

1 

F 

w 

F 

w 

5432 

Quad 2-Input OR Gate 

/16101 

* 

* 

— 

— 

F 

w 

5433 

Quad 2-Input NOR Buffer 
with o/c 

— 

— 

— 

— 

— 

F 

w 

5437 

Quad 2-Input NAND Buffer 

/00302 

1 

1 

F 

w 

F 

w 

5438 

Quad 2-Input NAND Buffer 
with o/c 

/00303 

1 

1 

F 

w 

F 

w 

5439 

Quad 2-Input NAND Buffer 

— 


— 

— 

— 

F 

w 

5440 

Dual 4-Input NAND Buffer 

/00301 

1 

1 

F 

w 

F 

w 

5442 

BCD-to-Decimal Decoder 

/01001 

1 

1 

F 

w 

F 

w 

5443 

Excess 3-to-Decimal Decoder 

/01002 

1 

1 

F 

w 

F 

w 

5444 

Excess 3-Gray-to-Decimal 
Decoder 

/01003 

1 

1 

F 

w 

F 

w 

5445 

BCD-to-Decimal Decoder/Driver 
with o/c 

/01004 

— 

— 

F 

w 

F 

w 

5446A 

BCD-to-7 Segment Decoder/ 
Driver 

/01006 

— 

— 

F 

w 

F 

w 

5447A 

BCD-to-7 Segment Decoder/ 
Driver 

/01007 

— 

— 

F 

w 

F 

w 

5448 

BCD-to-7 Segment Decoder/ 
Driver 

/01008 

— 

— 

F 

w 

F 

w 

5450 

Expandable Dual 2-Wide 2- 
Input A01 

/00501 

1 

1 

F 

w 

F 

w 

5451 

Dual 2-Wide 2-Input A01 Gate 

/00502 

1 

1 

F 

w 

F 

w 

5453 

4-Wide 2-Input A01 Gate 
(Expandable) 

/00503 

1 

1 

F 

w 

F 

w 

5454 

4-Wide 2-Input A01 Gate 

/00504 

1 

1 i 

F 

w 

F 

w 

5455 

2-Wlde 4-Input A01 Gate 

/04005 

— 

I 

_I 

— 

— 

— 

— 


NOTE 

Per QPL 38510-28 dated 1 Apr . 1977 

1 = Level 1 Qualification 

2 = Level 2 Qualification 
* = In process 


sjQnotics 
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LOGIC—5400 SERIES (Contd) 



— 


JAN 

QUAL* 

JAN 

PROC¬ 

ESSED 

MIL 

REL/883 

DEVICE 

DESCRIPTION 

JM38510 

SLASH 

SHEET 

Q. 

Q 

O 

< 

Q. 

f- 

< 

U. 

a 

o 

O 

< 

Ql 

H- 

< 

u. 

DIP 

FLATPACK 

5460 

Dual 4-Input Expander 

— 

_ 

_ 

— 

— 


W 

5470 

J-K Flip-Flop 

/00206 

1 

1 

F 

W 

F 

W 

5472 

J-K Master-Slave Flip-Flop 

/00201 

1 

1 

F 

w 

F 

w 

5473 

Dual J-K Master-Slave Flip-Flop 

/00202 

1 

1 

F 

w 

F 

w 

5474 

Dual D-Type Edge-Triggered 
Flip-Flop 

/00205 

1 

1 

F 

w 

F 

w 

5475 

Quad Bistable Latch 

/01501 

1 

1 

F 

w 

F 

w 

5476 

Dual J-K Master-Slave Flip-Flop 

/00204 

1 

1 

F 

w 

F 

w 

5477 

Quad Bistable Latch 

/01502 

— 

1 

— 

w 

— 

w 

5480 

Gated Full Adder 

__ 

_ 

_ 

— 

— 

F 

w 

5483 

4-Bit Binary Full Adder 

/00602 

1 

1 

F 

w 

F 

w 

5485 

4-Bit Magnitude Comparator 

/15001 

1 

1 

F 

w 

F 

w 

5486 

Quad 2-Input Exclusive-OR Gate 

/00701 

1 

1 

F 

w 

F 

w 

5490 

Decade Counter 

/01307 

* 

* 

F 

w 

F 

w 

5491 

8-Bit Shift Register 

— 

— 

_ 

_ 

— 

F 

w 

5492 

Divide-by-Twelve Counter 

/01301 

1 

1 

F 

w 

F 

w 

5493 

4-Bit Binary Counter 

/01302 

1 

1 

F 

w 

F 

w 

5494 

4-Bit Shift Register (PISO) 

_ 

_ 

_ 

_ 

_ 

F 

w 

5495 

4-Bit Left-Right Shift Register 

/00901 

1 

__ 

F 

_ 

F 

w 

5496 

5-Bit Shift Register 

/00902 

1 

1 

F 

w 

F 

w 

54100 

4-Bit Bistable Latch (Dual) 

— 

— 

— 

— 

— 

F 

w 

54107 

Dual J-K Master-Slave 

Flip-Flop 

/00203 

1 

— 

F 

— 

F 

— 

54109 

Dual J-K Positive Edge- 
Triggered Flip-Flop 

— 

— 

— 

— 

— 

F 

w 

54116 

Dual 4-Bit Latch with Clear 

/01503 

2 

— 

1 

— 

1 

— 

54121 

Monostable Multivibrator 

/01201 

1 

1 

F 

w 

F 

w 

54122 

Retriggerable Monostable 
Multivibrator 

/01202 

— 

— 

— 

— 

— 

— 

54123 

Retriggerable Monostable 
Multivibrator 

/01203 

1 

1 

F 

w 

F 

w 

54125 

Quad Bus Buffer Gate 
w/Tri-State Outputs 

/15301 

2 

2 

F 

w 

F 

w 

54126 

Quad Bus Buffer Gate 
w/Tri-State Outputs 

/15302 

2 

2 

F 

w 

F 

w 

54128 

Quad 2-lnput NOR Buffer 

— 

— 

— 


— 

F 

w 

54132 

Quad Schmitt Trigger 

/15103 

* 

* 

F 

w 

F 

w 

54145 

BCD-to-Decimal Decoder/Driver 
with o/c 

/01005 

— 

— 

F 

w 

F 

w 

54147 

10-Line to 4-Line Priority 
' Encoder 

/I5601 

* 

* 

F 

w 

F 

w 

54148 

8-Line to 3-Line Priority 

Encoder 

/I5602 

* 

* 

F 

w 

F 

w 

54150 

16-Line to 1-Llne Mux 

/01401 

2 

— 

1 

— 

1 

— 

54151 

8-Line to 1-Line Mux 

/01406 

2 

2 

F 

w 

F 

w 

54152 

8-Line to 1-Line Mux 

— 

— 

— 

— 

— 

F 

w 

54153 

Dual 4-Llne to 1-Line Mux 

/01403 

2 

2 

F 

w 

F 

w 

54154 

4-Line to 16-Line Decoder/ 

Demux 

/15201 

* 

— 

1 

— 

1 

Q 

54155 

Dual 2-Line to 4-Line 
Decoder/Demux 

/I5202 

2 

2 

F 

w 

F 

w 

54156 

Dual 2-Line to 4-Line 
Decoder/Demux 

/15203 

2 

2 

F 

w 

F 

w 

54157 

Quad 2-lnput Data Selector 
(non-inv.) 

/01405 

1 

1 

F 

w 

F 

w 

54158 

Quad 2-lnput Data Selector 
(inv.) 

— 

— 

— 

— 


F 

w 

54160 

Synchronous 4-Bit Decade 

Counter 

/01303 

1 


F 

w 

F 

w 


NOTE 

Per QPL 38510-28 dated 1 Apr. 1977 

1 = Level 1 Qualification 

2 = Level 2 Qualification 
* = In process 
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LOGIC—5400 SERIES (Contd) 





JAN 

QUAL 

JAN 

PROC¬ 

ESSED 

MIL 

REL/883 

DEVICE 

DESCRIPTION 

JM38510 

SLASH 

SHEET 

Q. 

5 

o 

< 

Q. 

H 

< 

u. 

Q. 

O 

FLATPACK 

Q. 

D 

FLATPACK 

54161 

Synchronous 4-Bit Binary 

Counter 

/01306 

1 

1 

F 

W 

F 

W 

54162 

Synchronous 4-Bit Decade 
Counter 

/01305 

1 

1 

F 

W 

F 

W 

54163 

Synchronous 4-Bit Binary 

Counter 

/01304 

1 

1 

F 

w 

F 

w 

54164 

8-Bit Parallel-Out Serial 

Shift Register 

/00903 

1 

— 

F 

— 

F 

— 

54165 

Parallel-Load 8-Bit Shift 

Register 

/00904 

_ 

_ 

F 

w 

F 

F 

w 

w 

54166 

54170 

8-Bit Shift Register 

4X4 Register File 

/01801 

— 

— 

— 

— 

F 

— 

54174 

Hex D-Type Flip-Flop 
with Clear 

/01701 

1 

1 

F 

w 

F 

w 

54175 

Quad D-Type Edge-Triggered 
Flip-Flop 

/01702 

1 

1 

F 

w 

F 

w 

54180 

8-Bit Odd/Even Parity Checker 

/01901 

— 

2 

F 

w 

F 

w 

54181 

4-Bit Arithmetic Logic Unit 

/01101 

1 

— 

1 


1 

— 

54182 

Look-Ahead Carry Generator 

/01102 

1 

1 

F 

w 

F 

w 

54190 

Synchronous Up/Down Counter 
(BCD) 

— 

— 

— 

— 

— 

* 

* 

54191 

Synchronous Up/Down Counter 
(Binary) 

— 

— 

— 

— 

— 

* 

* 

54192 

Synchronous Decade Up/Down 
Counter 

/01308 



F 

w 

F 

w 

54193 

Synchronous 4-Bit Binary 
Up/Down Counter 

/01309 



F 

w 

F 

w 

54194 

4-Bit Bidirectional Universal 

Shift Register 

/00905 



F 

w 

F 

w 

54195 

4-Bit Parallel-Access Shift 

Register 

/00906 



F 

w 

F 

w 

54198 

8-Bit Shift Register 

— 

— 

— 

— 

— 

1 

Q 

54199 

8-Bit Shift Register 

— 

—• 

— 

— 


— 

— 

54221 

Dual Monostable Multivibrator 

— 

— 

— 

— 

__ 

F 

w 

54279 

Quad S-R Latch 

_ 

— 

— 

__ 

— 

F 

w 

54298 

Quad 2-Input Mux with Storage 

— 

— 

— 

_ 

— 

F 

w 

54365 

Hex Buffer w/Common Enable 
(3-State) 

/I6301 

* 

* 

* 

* 

* 

* 

54366 

Hex Buffer w/Common Enable 
(3-State) 

/I6302 

* 

* 

* 

* 

F 

w 

54367 

Hex Buffer, 4-Blt and 2-Blt 
(3-State) 

/I6303 

* 

* 

* 

* 

F 

w 

54368 

Hex Buffer, 4-Bit and 2-Bit 
(3-State) 

/I6304 





F 

w 


NOTE 

Per QPL 38510-28 dated 1 Apr. 1977 

1 = Level 1 Qualification 

2 = Level 2 Qualification 
* = In process 
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LOGIC-54H SERIES 





JAN 

QUAL 

JAN 

PROC¬ 

ESSED 

MIL 

REL/883 

DEVICE 

DESCRIPTION 

JM38510 

SLASH 

SHEET 

Q. 

5 

O 

< 

Q. 

h- 

< 

LL 

a 

o 

o 

< 

-i 

LL 

Q. 

5 

O 

< 

CL 

H 

< 

u. 

54H00 

Quad 2-Input NAND Gate 

/02304 

1 

1 

F 

w 

F 

W 

54H01 

Quad 2-Input NAND Gate 
with o/c 

/02306 

1 

1 

F 

w 

F 

W 

54H04 

Hex Inverter 

/02305 

1 

1 

F 

w 

F 

W 

54H05 

Hex Inverter with o/c 

__ 

— 



— 

F 

W 

54H08 

Quad 2-Input AND Gate 

/15601 

2 


F 

— 

F 

W 

54H10 

Triple 3-Input NAND Gate 

/02303 

1 

1 

F 

w 

F 

w 

54H11 

Triple 3-Input NAND Gate 

/I5502 

2 


F 

— 

F 

w 

54H20 

Dual 4-Input NAND Gate 

/02302 

1 

1 

F 

w 

F 

w 

54H21 

Dual 4-Input AND Gate 

/15503 

2 

— 

F 

— 

F 

w 

54H22 

Dual 4-Input NAND Gate 
with o/c 

/02307 

1 

— 

F 

w 

F 

w 

54H30 

8-Input NAND Gate 

/02301 

1 

1 

F 

w 

F 

w 

54H40 

Dual 4-Input NAND Buffer 

/02401 

1 

1 

F 

w 

F 

w 

54H50 

Expandable Dual 2-Wide 

2-Input A01 

/04001 

1 

1 

F 

w 

F 

w 

54H51 

Dual 2-Wlde 2-Input A01 Gate 

/04002 

1 

1 

F 

w 

F 

w 

54H52 

Expandable 4-Wide 2-2-2-3 

Input AND-OR Gate 

— 

— 

— 

__ 

— 

F 

w 

54H53 

4-Wlde 2-Input A01 Gate 
(Expandable) 

/04003 

1 

1 

F 

w 

F 

w 

54H54 

4-Wide 2-Input A01 Gate 

/04004 

1 

1 

F 

w 

F 

w 

54H55 

2-Wide 2-Input A01 Gate 

/04005 

1 

1 

F 

w 

F 

w 

54H60 

Dual 4-Input Expander 

_ 

— 

_ 

— 

— 

F 

w 

54H61 

Triple 3-Input Expander 

— 

— 

_ 

— 

— 

F 

w 

54H62 

3-2-2-3 Input AND-OR 

Expander 

— 

— 

— 

— 

— 

F 

w 

54H71 

J-K Master-Slave Flip-Flop 
with AND-OR Inputs 

— 

— 

— 

— 

— 

F 

w 

54H72 

J-K Master-Slave Flip-Flop 

/02201 

1 

1 

F 

w 

F 

w 

54H73 

Dual J-K Master-Slave 

Flip-Flop 

/02202 

1 

1 

F 

w 

F 

w 

54H74 

Dual D-Type Edge-Triggered 
Flip-Flop 

/02203 

1 

1 

F 

w 

F 

w 

54H76 

Dual J-K Master-Slave 

Flip-Flop 

/02204 

1 

1 

F 

w 

F 

w 

54H101 

J-K Negative Edge-Triggered 
Flip-Flop 

/02205 

1 

1 

F 

w 

F 

w 

54H102 

J-K Negative Edge-Triggered 
Flip-Flop 

— 

— 

— 

— 

— 

F 

w 

54H103 

Dual J-K Negative Edge- 
Triggered Flip-Flop 

/02206 

1 

1 

F 

w 

F 

w 

54H106 

Dual J-K Negative Edge- 
Triggered Flip-Flop 


__ 


— 

— 

F 

w 

54H108 

Dual J-K Negative Edge- 
Triggered Flip-Flop 

- 



— 

— 

F 

— 


NOTE 

Per QPL 38510-28 dated 1 April 1977. 

1 = Level 1 Qualification 

2 = Level 2 Qualification 
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LOGIC-54LS SERIES 





JAN 

QUAL 

JAN 

PROC¬ 

ESSED 

MIL 

REL/883 

DEVICE 

DESCRIPTION 

JM38510 

SLASH 

SHEET 

O 

< 

Q. 

% 3 

O u. 

DIP 

FLATPACK 

O 

S 

1- 

% 3 

Q u. 

54LS00 

Quad 2-Input NAND Gate 

/30001 

2 

2 

F 

W 

F 

W 

54LS01 

Quad 2-Input NAND Gate 
with o/c 

— 

— — 

F 

W 

F 

W 

54LS02 

Quad 2-Input NOR Gate 

/30301 

2 

2 

F 

W 

F 

w 

54LS03 

Quad 2-Input NAND Gate 
with o/c 

/30002 

1 

1 

F 

W 

F 

w 

54LS04 

Hex Inverter 

/30003 

1 

1 

F 

W 

F 

w 

54LS05 

Hex Inverter with o/c 

/30004 

1 

1 

F 

W 

F 

w 

54LS08 

Quad 2-Input AND Gate 

/31004 

2 

2 

F 

W 

F 

w 

54LS09 

Quad 2-Input AND Gate 
with o/c 

— 

— — 

— — 

F 

w 

54LS10 

Triple 3-Input NAND Gate 

/30005 

1 

1 

F 

W 

F 

w 

54LS11 

Triple 3-Input NAND Gate 

/31001 

2 

2 

F 

W 

F 

w 

54LS12 

Triple 3-Input NAND Gate 
with o/c 

/30006 

1 

1 

F 

W 

F 

w 

54LS13 

Dual NAND Schmitt Trigger 

/31301 

* 

F 

W 

F 

w 

54LS14 

Hex Schmitt Trigger 

/31302 

* * 

F 

W 

F 

w 

54LS15 

Triple 3-Input AND Gate 
with o/c 

/31002 

2 

2 

F 

W 

F 

w 

54LS20 

Dual 4-Input NAND Gate 

/30007 

1 

1 

F 

W 

F 

w 

54LS21 

Dual 4-Input AND Gate 

/31003 

2 

2 

F 

W 

F 

w 

54LS22 

Dual 4-Input NAND Gate 
with o/c 

/30008 

1 

1 

F 

W 

F 

w 

54LS26 

Quad 2-Input NAND Gate 
with o/c 

/32101 


F 

W 

F 

w 

54LS27 

Triple 3-Input NOR Gate 

/30302 

2 

2 

F 

W 

F 

w 

54LS28 

Quad 2-Input NOR Buffer 

/30204 


F 

W 

F 

w 

54LS30 

8-Input NAND Gate 

/30009 

2 

2 

F 

W 

F 

w 

54LS32 

Quad 2-Input OR Gate 

/30501 

2 

2 

F 

W 

F 

w 

54LS33 

Quad 2-Input NOR Buffer 
with o/c 

— 

— — 

— — 

F 

w 

54LS37 

Quad 2-Input NAND Buffer 

/30202 

2 

2 

F 

w 

F 

w 

54LS38 

Quad 2-Input NAND Buffer 
with o/c 

/30203 

★ * 

F 

w 

F 

w 

54LS40 

Dual 4-Input NAND Buffer 

/30201 

2 

2 

F 

w 

F 

w 

54LS42 

BCD-to-Decimal Decoder 

/30703 

* * 

. . 

F 

w 

54LS51 

Dual 2-Wide 2-Input A01 Gate 

/03401 

2 

2 

F 

w 

F 

w 

54LS54 

4-Wide 2-Input A01 Gate 

/30402 

2 

2 

F 

w 

F 

w 

54LS55 

2-Wide 4-Input A01 Gate 

— 

_ _ 

— — 

F 

w 

54LS73 

Dual J-K Master-Slave 

Flip-Flop 

/30101 

— — 

— — 

F 

w 

54LS74 

Dual D-Type Edge-Triggered 
Flip-Flop 

/30102 


F 

w 

F 

w 

54LS75 

Quad Bistable Latch 

— 

_ _ 

F 

w 

F 

w 

54LS76 

Dual J-K Master-Slave 

Flip-Flop 

/30110 

★ * 

F 

w 

F 

w 

54LS78 

Quad Bistable Latch 

— 

_ _ 

— — 

F 

w 

54LS83A 

4-Bit Binary Full Adder 

/31201 

* ★ 

F 

w. 

F 

w 

54LS85 

4-Bit Magnitude Comparator 

/31101 

* 

F 

w 

F 

w 

54LS86 

Quad 2-Input Exclusive-OR 

Gate 

/30502 

' ' 

F 

w 

F 

w 

54LS90 

Decade Counter 

/31501 

* 

F 

w 

F 

w 

54LS92 

Divide-by-Twelve Counter 

/31510 

* 

F 

w 

F 

w 

54LS93 

4-Bit Binary Counter 

/31502 

* 

F 

w 

F 

w 

54LS95 

4-Bit Left-Right Shift 

Register 

/30603 


F 

w 

F 

w 

54LS96 

5-Bit Shift Register 

/30604 


F 

w 

F 

w 


NOTE 

PerQPL 38510-28 dated 

1 = Level 1 Qualification 

2 ^ Level 2 Qualification 


April 1977. 
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LOGIC—54LSSERIES (Cont ci) 





JAN 

QUAL 

JAN 

PROC¬ 

ESSED 

MIL 

REL/883 

DEVICE 

DESCRIPTION 

JM38510 

SLASH 

SHEET 

O 

< 

Q. 

h- 

% 3 

Q u. 

DIP 

FLATPACK 

DIP 

FLATPACK 

54LS107 

Dual J-K Master-Slave 

Flip-Flop 

/30108 

* * 

F W 

F W 

54LS109 

Dual J-K Positive Edge- 
Triggered Flip-Flop 

/30109 


F W 

F W 

54LS112 

Dual J-K Negative Edge- 
Triggered Flip-Flop 

/30103 


F W 

F W 

54LS113 

Dual J-K Negative Edge- 
Triggered Flip-Flop 

/30104 


F W 

F W 

54LS114 

Dual J-K Negative Edge- 
Triggered Flip-Flop 

/30105 


F W 

F W 

54LS122 

Retriggerable Monostable 
Multivibrator 

/31403 

— — 

— — 

— — 

54LS125 

Quad Bus Buffer Gate 
w/Tri-State Outputs 

/32301 



F W 

54LS126 

Quad Bus Buffer Gate 
w/Tri-State Outputs 

/32302 

* -k 


F W 

54LS132 

54LS136 

Quad Schmitt Trigger 

Quad Exclusive-OR with o/c 

/31303 


F W 

F W 

F W 

54LS138 

3-to-8 Line Decoder/Demux 

/30701 

* * 

* * 

F W 

54LS139 

Dual 2-to-4 Line Decoder/ 

Demux 

/30702 



F W 

54LS145 

BCD to Decimal Decoder/Dye 

— 

_ _ 

_ _ 

F W 

54LS151 

8-Line to 1-Line Mux 

/30901 


* ★ 

* * 

54LS153 

Dual 4-Line to 1-Line Mux 

/30902 


F W 

F W 

54LS154 

4-Line to 16-Line Decoder/ 
Demux 

— 

— — 

— ' — 

1 Q 

54LS155 

Dual 2-Line to 4-Line 
Decoder/Demux 

— 

— — 

— — 

F W 

54LS157 

Quad 2-Input Data Selector 
(non-inv.) 

/30903 


F W 

F W 

54LS158 

Quad 2-Input Data Selector 
(inv.) 

/30904 

* * 

F W 

F W 

54LS160 

Synchronous 4-Bit Decade 
Counter 

/31503 


★ k 

F W 

54LS161 

Synchronous 4-Bit Binary 
Counter 

/31504 

* ‘ 

F W 

F W 

54LS162 

Synchronous 4-Bit Decade 
Counter 

/31511 



F W 

54LS163 

Synchronous 4-Bit Binary 
Counter 

/31512 

. . 


F W 

54LS164 

8-Bit Parallel-Out Serial 

Shift Register 

/30605 

* 

F W 

F W 

54LS170 

4X4 Register File 

— 

— — 

— — 

F W 

54LS173 

Quad D-Type Flip-Flop 
(Tri-State) (8T10) 

— 

— — 

^ — 

F W 

54LS174 

Hex D-Type Flip-Flop 
with Clear 

/30106 


F W 

F W 

54LS175 

Quad D-Type Edge-Triggered 
Flip-Flop 

/30107 


F W 

F W 

54LS181 

4-Bit Arithmetic Logic Unit 

/03801 

2 — 

1 — 

1 Q 

54LS190 

Synchronous Up/Down Counter 
(BCD) 

/31513 

* * 

F W 

F W 

54LS191 

Synchronous Up/Down Counter 
(Binary) 

/31509 

* * 

F W 

F W 


NOTE 

Per QPL 38510-28 dated 1 April 1977. 

1 = Level 1 Qualification 

2 = Level 2 Qualification 
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LOGIC—54LSSERIES (Contd) 





— 

JAN 

QUAL 

JAN 

PROC¬ 

ESSED 

MIL 

REL/883 

DEVICE 

DESCRIPTION 

JM38510 

SLASH 

SHEET 

DIP 

FLATPACK 

DIP 

FLATPACK 

DIP 

O 

< 

Ql 

< 

u. 

54LS192 

Synchronous Decade Up/Down 
Counter 

/31507 

* 

* 

F 

W 

F 

W 

54LS193 

Synchronous 4-Bit Binary 
Up/Down Counter 

/31508 



F 

W 

F 

W 

54LS194 

4-Bit Bidirectional Universal 

Shift Register 

/30601 







54LS195 

4-Bit Parallel-Access Shift 
Register 

/30602 







54LS196 

Presettable Decade Counter/ 
Latch (8290) 

/31601 







54LS197 

Presettable Binary Counter/ 
Latch (8291) 

/31602 

* 






54LS221 

Dual Monostable Multivibrator 

/31402 

* 

* 

* 

* 

* 

* 

54LS251 

Data Selector/Mux with 

3-State Outputs 

/30905 







54LS253 

Dual 4-Line to 1-Line Data 
Selector/Mux 

/30908 



F 

w 

F 

w 

54LS257 

Quad 2-Line to 1-Line Data 
Selector/Mux 

/30906 

* 


F 

w 

F 

w 

54LS258 

Quad 2-Line to 1-Line Data 
Selector/Mux 

/30907 





F 

w 

54LS260 

Dual 5-Input NOR Gate 


— 

— 

_ 

— 

F 

w 

54LS261 

2X4 Parallel Binary Multiplier 


— 

_ 



F 

w 

54LS266 

Quad Exclusive-NOR Gate 

/30303 

2 

2 

F 

w 

F 

w 

54LS279 

Quad S-R Latch 


— 

— 

— 

_ 

F 

w 

54LS280 

9-Bit Odd/Even Parity 
Generator/Checker 

— 

— 

— 

— 

— 



54LS283 

4-Bit Adder 

/31202 

* 

* 

* 

* 

F 

w 

54LS290 

Decade Counter 

/32003 

* 

* 

F 

w 

F 

w 

54LS293 

4-Bit Binary Counter 

/32004 

Hr 

* 

F 

w 

F 

w 

54LS295A 

4-Bit Right-Shift Left-Shift 
Register 

/30606 

★ 




F 

w 

54LS298 

Quad 2-Input Mux with Storage 

— 

— 

— 

— 

— 

F 

w 

54LS365 

Hex Buffer w/Common Enable 
(3-State) 

/32201 





F 

w 

54LS366 

Hex Buffer w/Common Enable 
(3-State) 

/32202 

‘ 

‘ 



F 

w 

54LS367 

Hex Buffer, 4-Bit and 2-Bit 
(3-State) 

/32203 

* 

* 



F 

w 

54LS368 

Hex Buffer, 4-Bit and 2-Bit 
(3-State) 

/32204 

* 


* 


F 

w 

54LS375 

Quad Latch 

— 

— 

__ 

— 

— 

F 

w 

54LS386 

Exclusive-OR Gate 

— 

— 

— 

__ 


F 

w 

54LS395 

4-Bit Cascadeable Shift 

Register (3-State) 

/30607 





F 

w 

54LS445 

BCD to Decimal Decoder/Dye 

— 

— 

— 

— 

— 

F 

w 

54LS670 

4X4 Register File (Tri-State) 

— 

— 

— 

— 

— 

F 

w 


NOTE 

Per QPL 38510-28 dated 1 April 1977. 

1 = Level 1 Qualification 

2 = Level 2 Qualification 


SjOnDtiCB 
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LOGIC—54S SERIES 


— 



JAN 

QUAL 

JAN 

PROC¬ 

ESSED 

MIL 

REL/883 

DEVICE 

DESCRIPTION 

JM38510 

SLASH 

SHEET 

DIP 

O 

1 

!; 

UL 

DIP 

FLATPACK 

DIP 

FLATPACK 

54S00 

Quad 2-Input NAND Gate 

/07001 

1 

1 

F 

W 

F 

W 

54S02 

Quad 2-Input NOR Gate 

/07301 

2 

2 

F 

W 

F 

W 

54S03 

Quad 2-Input NAND Gate 
with o/c 

/07002 

2 

2 

F 

w 

F 

w 

54S04 

Hex Inverter 

/07003 

1 

1 

F 

w 

F 

w 

54S05 

Hex Inverter with o/c 

/07004 

1 

1 

F 

w 

F 

w 

54S08 

Quad 2-Input AND Gate 

/08003 

* 

* 

F 

w 

F 

w 

54S09 

Quad 2-Input AND Gate 
with o/c 

/08004 

— 

— 

— 

— 

F 

w 

54S10 

Triple 3-Input NAND Gate 

/07005 

2 

2 

F 

w 

F 

w 

54S11 

Triple 3-Input NAND Gate 

/08001 

2 

2 

F 

w 

F 

w 

54S15 

Triple 3-Input AND Gate 
with o/c 

/08002 

2 

2 

F 

w 

F 

w 

54S20 

Dual 4-Input NAND Gate 

/07006 

2 

2 

F 

w 

F 

w 

54S22 

Dual 4-Input NAND Gate 
with o/c 

/07007 

1 

1 

F 

w 

F 

w 

54S30 

8-Input NAND Gate 

/07008 

— 

— 

_ 

— 

— 

— 

54S32 

Quad 2-Input OR Gate 

— 

— 

— 

— 

— 

F 

w 

54S40 

Dual 4-Input NAND Buffer 

/07201 

2 

2 

F 

w 

F 

w 

54S51 

Dual 2-Wide 2-Input 

A01 Gate 

/07401 

2 

2 

F 

w 

F 

w 

54S64 

4-2-3-2 Input A01 Gate 

/07402 

2 

2 

F 

w 

F 

w 

54S65 

4-2-3-2 Input A01 Gate 

/07403 

2 

2 

F 

w 

F 

w 

54S74 

Dual D-Type Edge-Triggered 
Flip-Flop 

/07101 

2 

2 

F 

w 

F 

w 

54S85 

4-Bit Magnitude Comparator 

/08201 

* 

— 

F 

— 

F 

— 

54S86 

Quad 2-Input Exclusive-OR Gate 

/07501 

2 

2 

F 

w 

F 

w 

54S112 

Dual J-K Negative Edge- 
Triggered Flip-Flop 

/07102 

— 

— 

— 

— 

F 

w 

54S113 

Dual J-K Negative Edge- 
Triggered Flip-Flop 

/07103 

— 

— 

— 

— 

F 

w 

54S114 

Dual J-K Negative Edge- 
Triggered Flip-Flop 

/07104 

— 

— 

— 

— 

F 

w 

54S133 

13-Input NAND Gate 

/07009 

2 

2 

F 

w 

F 

w 

54S134 

12-Input NAND Gate w/Tri- 
State Outputs 

/07010 

2 

2 

F 

w 

F 

w 

54S135 

Quad Exclusive-OR/NOR Gate 

/07502 

— 

— 

— 

— 

— 

— 

54S138 

3-to-8 Line Decoder/Demux 

/07701 

— 

— 

— 

— 

— 

— 

54S139 

Dual 2-to-4 Line Decoder/ 

Demux 

/07702 

— 

— 

— 

— 

F 

w 

54S140 

Dual 4-Input NAND Line Driver 

/08101 

2 

2 

F 

w 

F 

w 

54S151 

8-Line to 1-Line Mux 

/07901 

2 

2 

F 

w 

F 

w 

54S153 

Dual 4-Line to 1-Line Mux 

/07902 

2 

2 

F 

w 

F 

w 

54S157 

Quad 2-Input Data Selector 
(non.inv.) 

/07903 

2 

2 

F 

w 

F 

w 

54S158 

Quad 2-Input Data Selector 
(inv.) 

/07904 

' 

* 

F 

w 

F 

w 

54S174 

Hex D-Type Flip-Flop with 

Clear 

/07106 

— 

— 

— 

— 



54S175 

Quad D-Type Edge-Triggered 
Flip-Flop 

/07105 

— 

— 

— 

— 



54S181 

4-Bit Arithmetic Logic Unit 

/07801 

* 

— 

1 

— 

1 

* 

54S182 

Look-Ahead Carry Generator 

/07802 

— 

— 

— 

— 

* 

★ 

54S194 

4-Bit Bidirectional Universal 

Shift Register 

/07601 

— 

— 

— 

— 

— 

— 

54S195 

4-Bit Parallel-Access Shift 
Register 

/07602 








NOTE 

PerQPL 38510-28 dated 

1 = Level 1 Qualification 

2 = Level 2 Qualification 


April 1977. 
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LOGIC—54S SERIES (Contd) 





JAN 

QUAL 

JAN 

PROC¬ 

ESSED 

MIL 

REL/883 

DEVICE 

DESCRIPTION 

JM38510 

SLASH 

SHEET 

DIP 

FLATPACK 

DIP 

FLATPACK 

DIP 

FLATPACK 

54S251 

Data Selector/Mux with 3-State 
Outputs 

/08905 

— 

— 

— 

— 

— 

— 

54S253 

Dual 4-Line to 1-Line Data 
Selector/Mux 




— 

— 

F 

W 

54S257 

Quad 2-Line to 1-Line Data 
Selector/Mux 

/07906 

— 

— 

— 

— 

— 

— 

54S258 

Quad 2-Lint to 1-Line Data 
Selector/Mux 

/07907 

— 

— 

— 

— 

— 

— 

54S260 

Dual 5-)nput NOR Gate 

— 

_ 

— 

— 

— 

F 

w 

54S280 

9-Bit Odd/Even Parity 
Generator/Checker 

/07703 

— 

— 

— 

— 

— 

— 

54S350 

4/6 Bit Shifter-Tri-State 

— 

— 

— 

— 

— 

F 

— 


NOTE 

Per QPL 38510-28 dated 1 Apr. 1977 

1 = Level 1 Qualification 

2 = Level 2 Qualification 


sionDtics 
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LOGIC—8200/9300/9600 SERIES 


DEVICE 

. 

DESCRIPTION 

JM38510 

SLASH 

SHEET 

JAN 

QUALIFIED* 

JAN 

PROCESSED 

MIL 

REL/883 

MIL TEMP 

Dip 

Flat 

Pack 

Dip 

Flat 

Pack 

Dip 

Flat 

Pack 

8200 

Dual 5-Bit Buffer Register 

— 

— 

— 

— 

— 

1 

Q 

8201 

Dual 5-Bit Buffer Register with D Inputs 

— 


— 

— , 

— 

1 

Q 

8202 

10-Bit Buffer Register 

— 

■ — 

— 

— 

■ 

1 

Q 

8203 

10-Bit Buffer Register with D Inputs 

— 

— 

— 

— 

— 

1 

Q 

8230 

8-Input Digital Multiplexer 

701402 

* 

* 

F 

W 

F 

W 

8231 

8-Input Digital Multiplexer 

— 

— 

— 

— 

— 

F 

W 

8232 

8-Input Digital Multiplexer 

— 

— 

— 

— 

— 

F 

w 

8233 

2-Input 4-Bit Digital Multiplexer 

— 

— 

— 

— 

— 

F 

w 

8234 

2-Input 4-Bit Digital Multiplexer 


— 

— 

— 

— 

. F 

w 

8235 

2-Input 4-Bit Digital Multiplexer 

— 

— 

— 

— 

— 

F 

w 

8241 

Quad Exclusive-OR Gate 

— 

— 

— 

— 

— 

F 

w 

8242 

Quad Exclusive-NOR Gate 

— 

. — 

— 

— 

— 

F 

w 

8243 

8-Bit Position Scaler 

— 

— 

— 

— 

— 

1 

Q 

8250 

Binary-to-Octal Decoder 

715204 

2 

2 

F 

w 

F 

w 

8251 

BCD-to-Decimal Decoder 

715205 

2 

2 

F 

w 

F 

w 

8252 

BCD-to-Decimal Decoder 

715206 

2 

2 

F 

w 

F 

w 

8260 

Arithmetic Logic Unit 

__ 

— 

— 

— 

— 

1 

Q 

8261 

Fast Carry Extender 

— 

— 

— 

— 

— 

F 

w 

8262 

9-Bit Parity Generator and Checker 

— 

— 

— 

— 

— 

F 

w 

8263 

3-Input 4-Bit Digital Multiplexer 

— 

— 

— 

— 

— 

1 

Q 

8264 

3-Input 4-Bit Digital Multiplexer 


— 

— 

— 

— 

1 

Q 

8266 

2-Input 4-Bit Digital Multiplexer 

— 

— 

— 

— 

— 

F 

W 

8267 

2-Input 4-Bit Digital Multiplexer 

— 

— 

— 

— 

— 

F 

w 

8268 

Gated Full Adder 

— 

— 

— 

— 

— 

F 

Q 

8269 

4-Bit Comparator 

— 

— 

— 

— 

— 

F 

W 

8270 

4-Bit Shift Register 

— 

— 

— 

— 

— 

F 

w 

8271 

4-Bit Shift Register 

— 

— 

— 

— 

— 

F 

w 

8273 

10-Bit Serial-In, Parallel-Out Shift Register 

— 

— 

— 

— 

— 

F 

w 

8274 

10-Bit Parallel-In, Serial-Out Shift Register 

— 

— 

— 

— 

— 

F 

w 

8275 

Quad Bistable Latch 

— 

— 

— 

— 

— 

F 

w 

8276 

8-Bit Serial Shift Register 

— 

— 

— 

— 

— 

F 

— 

8277 

Dual 8-Bit Shift Register 

— 

— 

— 

— 

— 

F 

— 

8280 

Presettable Decade Counter 

— 

— 

— 

— 

— 

F 

w 

8281 

Presettable Binary Counter 

— 

— 

— 

— 

__ 

F 

w 

8284 

Binary Up/Down Counter 

— 

— 

— 

— 

— 

F 

w 

8285 

Decade Up/Down Counter 

— 

— 

— 

— 

— 

F 

w 

8288 

Divide-by-Twelve Counter 

— 

— 

— 

— 

— 

F 

w 

8290 

Presettable High Speed Decade Counter 

— 

— 

— 

— 

— 

F 

w 

8291 

Presettable High Speed Binary Counter 

— 

— 

— 

— 

— 

F 

w 

8292 

Presettable Low Power Decade Counter 

— 

— 

— 

— 

— 

F 

w 

8293 

Presettable Low Power Binary Counter 

— 

— 

— 

— 

— 

F 

w 

9300 

4-Bit Shift Register 

715901 

* 

* 

F 

w 

F 

w 

9301 

BCD to Decimal Decoder 

715206 

2 

2 

F 

w 

F 

w 

9308 

Dual 4-Bit Latch w/Clear 

— 

— 

— 

_ 

— 

1 

Q 

9309 

Dual 4-Input Multiplexer 

701404 

1 

1 

F 

w 

F 

w 

9310 

4-Bit Decade Counter 

— 

— 

— 

— 

— 

F 

w 

9312 

8-Input Digital Multiplexer 

701402 

* 

* 

F 

w 

F 

w 

9316 

4-Bit Binary Counter 

_ 

— 

__ 

— 

— 

F 

w 

9322 

Data Selector-Multiplexer 


— 

— 

— 

— 

F 

w 

9324 

5-Bit Comparator 

715002 

* 

* 

F 

WF 

W 

— 

9334 

8-Bit Addressable Latch 

716001 

— 

— 

— 

— 

F 

w 

9602 

Dual Monostable Multivibrator 

— 

* 

* 

F 

w 

F 

w 


NOTE 

Per QPL 38510-28 dated 1 Apr. 1977 

1 = Level 1 Qualification 

2 = Level 2 Qualification 
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L0GIC-8T INTERFACE SERIES 


DEVICE 

DESCRIPTION 

JAN 

M38510 

SHEET 

MIL REL/883 

MIL TEMP 

Dip 

Flat 

Pack 

8T04 

7-Segment Decoder Display Driver (Active-Low Outputs) 


F 

W 

8T05 

7-Segment Decoder Display Driver (Active-Hi Outputs) 

— 

F 

W 

8T06 

7-Segment Decoder Display Driver (Active-Low Outputs) 

— 

F 

w 

8T09 

Quad Bus Driver with Tri-State Outputs 

— 

F 

w 

8T10 

Quad D-Type Bus Latch (Tri-State) 

— 

F 

w 

8T13 

Dual Line Driver 

— 

F 

w 

8T14 

Triple Line Receiver/Schmitt Trigger 

— 

F 

w 

8T18 

Dual 2-Input NAND (High Voltage to TTL Interface) 

— 

F 

w 

8T20 

Bidirectional Monostable Multivibrator (Diff. Input) 

— 

* 

* 

8T22 

Retriggerable Monostable Multivibrator (54122/9601) 

— 

F 

w 

8T26A 

Quad Bus Driver/Receiver (Tri-State Outputs) 

— 

F 

w 

8T28 

Quad Non-Inverting Bus Driver/Receiver (Tri-State Outputs) 

— 

F 

w 

8T31 

8-Bit Bidirectional I/O Port 

— 

* 

* 

8T32 

Programmable 8-Bit, I/O Port (3-State) 

— 

I 

* 

8T33 

Programmable 8-Bit, I/O Port (Open Collector) 

— 

I 


8T35 

Asynchronous Programmable 8-Bit I/O Port (Open Collector) 

— 

I 


8T37 

Hex Bus Receiver with Hysteresis—Schmitt Trigger (DM8837) 


F 

w 

8T38 

Quad Bus Transceiver (Open Collector) (DM8838) 

— 

F 

w 

8T80 

Quad 2-Input NAND Gate (High Voltage) 

— 

F 

w 

8T90 

Hex Inverter (High Voltage) 

— 

F 

w 

8T95 

High Speed Hex Buffers/Inverters (74365/DM8095) 

— 

F 

w 

8T96 

High Speed Hex Buffers/Inverters (74366/DM8096) 

— 

F 

w 

8T97 

High Speed Hex Buffers/Inverters (74367/DM8097) 


F 

w 

8T98 

High Speed Hex Buffers/Inverters (74368/DM8098) 


F 

w 


* = Qualification planned 
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BIPOLAR MEMORIES CROSS REFERENCE 


DEVICE 

ORGANIZATION 

PACKAGE* 

FAIRCHILD 

HARRIS 

MMI 

INTERSIL 

AMD 

Tl 

PROMs 

82S23 

32X8 

F R 


7602-2 

5330 

5600 

27S08 

54S188 

82S115 

512X8 

1 R 

— 

7644-2 

— 

— 

— 


82S123 

32X8 

F R 

— 

7603-2 

5331 

5610 

27S09 

54S288 

82S126 

256X4 

F R 

93416 

7610-2 

5300 

5603 

27S10 

54S387 

82S129 

256X4 

F R 

93426 

7611-2 

5301 

5623 

27S11 

54S287 

82S130 

512X4 

F R 

93436 

7620-2 

5305 

5604 

— 

— 

82S131 

512X4 

F R 

93446 

7621-2 

5306 

5624 

— 

— 

82S136 

1024X4 

F,l R 

93443 

7642-2 

5352 

5606 

— 

— 

82S137 

1024X4 

F,l R 

93453 

7643-2 

5353 

5626 

— 

_ 

82S140 

512X8 

1 R 

93438 

7640-2 

5340 

5606 

— 

— 

82S141 

512X8 

1 R 

93448 

7641-2 

5341 

5625 

— 

— 

82S180 

1024X8 

1 R 

— 

— 

5380 

_ 

— 

— 

82S181 

1024X8 

1 R 

— 

— 

5381 

_ 

— 

— 

82S184 

2048X4 

1 R 

— 

_ 

— 

_ 

— 

_ 

82S185 

2048X4 

1 R 

— 

— 

— 

— 

- 

— 

FPLAs 

82S100 

16X48X8 

1 R 

93459 


82S100 


27S100 


82S101 

16X48X8 

1 R 

93458 

— 

82S101 

— 

27S101 

— 

PLAs 

82S200 

16X48X8 

1 R 







82S201 

16X48X8 

! R 

— 

— 

— 

— 

— 

— 

RAMS 

54S89 

16X4 

F R 






5489 

54S189 

16X4 

F R 

— 

— 

— 

— 

— 

54189 

54S200 

256X1 

F R 

— 

— 

— 

— 

— 

54S200 

54S201 

256X1 

F R 

— 

— 

— 

_ 

_ 

54S201 

54S301 

256X1 

F R 

— 

— 

— 

_ 

_ 

54S301 

82S09 

64X9 

1 R 

93419 

— 

— 

— 

_ 

— 

82S10 

1024X1 

F,l R 

93415 

— 

— 

55S08 

2952 

— 

82S11 

1024X1 

F,l R 

93425 

— 

— 

55S18 

2953 

— 

82S16 

256X1 

F R 

93421 

— 

5531 

5523 

2700 

— 

82S17 

256X1 

F R 

93411 

— 

5530 

5533 

2701 

— 

82S25 

16X4 

F R 

93403 

0064 

5560 

5501 

3101 

— 

ROMs 

82S15 

512X8 








82S223 

32X8 








82S224 

32X8 








82S226 

256X4 








82S229 

256X4 








82S230 

512X4 








82S231 

512X4 








82S280 

1024X8 








82S281 

1024X8 









*NOTE 


R = BeO Flat Pack 
F = Cerdip 
I = Ceramic DIP 
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LINEAR MIL REL/883 MIL TEMP. 


DEVICE 

DESCRIPTION 

PACKAGE 

SE521 

COMPARATORS 

Dual Comparator 

F 

SE526 

Analog Voltage Comparator 

F K 

SE527 

Analog Voltage Comparator 

F K 

SE529 

Analog Voltage Comparator 

F K 

LH2111 

Dual Comparator 

F 

LM111 

Comparator 

F T 

LM119 

Dual Comparator 

F K 

LM139 

Quad Comparator 

F 

LM193/193A 

Dual Comparator 

T 

mA710 

Differential Voltage Comparator 

F T 

/uA711 

Comparator 

F K 

SE510 

DIFFERENTIAL AMPLIFIERS 

Dual Differential Amplifier 

F 

SE511 

Dual Differential Amplifier 

F 

SE515 

Differential Amplifier 

F K 

/xA733 

Video Amplifier 

F K 

LF155/156 

OPERATIONAL AMPLIFIERS 

FET Op Amp 

T 

LH2101A 

Dual Op Amp 

F 

LH2108A 

Dual Op Amp 

F 

LM101 

High Perf. Op Amp 

F T 

LM101A 

High Perf. Op Amp 

F T 

LM107 

General Purpose Op Amp 

F F 

LM108 

Precision Op Amp 

F T 

LM108A 

Precision Op Amp 

F T 

LM124 

Quad Op Amp 

F 

LM158 

Dual Op Amp 

T 

MCI 556 

Op Amp 

F T 

MCI 558 

Dual Op Amp 

F T 

SE532 

Dual Op Amp 

— T 

SE535 

Hi Slew Rate Op Amp 

T 

SE538 

Hi Slew Rate Op Amp 

T 

mA709 

Op Amp 

F T 

mA709A 

Op Amp 

F T 

yuA741 

General Purpose Op Amp 

F T 

mA747 

Dual Op Amp 

F K 

mA748 

General Purpose Op Amp 

F T 


DEVICE 

DESCRIPTION 

PACKAGE 

SE567 

PHASE LOCKED LOOPS 

Tone Decoder P11 

F T 

DM7820 

LINE RECEIVERS 

Dual Differential Line Receiver 

F 

DM7830 

Dual Differential Line Receiver 

F 

SE555 

TIMERS 

Timer 

F T 

SE556 

Dual Timer 

F 

SE558/9 

Quad Timer 

F 

LM109 

VOLTAGE REGULATORS 

5 Volt Regulator 

DA 

SE5554 

Dual Track Reg 

F 

78XX (7) 

Positive Reg 

DA 

79XX (7) 

Negative Reg 

DA 

79MXX (7) 

Med Power Reg 

DB 

)uA723 

Precision Voltage Regulator 

F L 

DS1611-1614 

DRIVERS 

Peripheral Drivers 

T 

MCI 508-8 

D/A 

8-Bit D/A 

F 

SE5008 

8-Bit D/A 

F 

SE5009 

8-Bit D/A 

F 


SijnDtiBS 
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BIPOLAR MICROPROCESSORS 


PRODUCT 

DESCRIPTION 

AVAILABILITY 

Dip 

Flat Pack 

3001 

Microprogram Control Unit 

I 

R 

3002 

Central Processing Element (2-bit slice) 

I 

R 

8X300 

Interpreter/Microcontroller 

I 

* 

2901-1 

Central Processing Element (4-bit slice) 

* 

* 


*Uncler development 


MICROPROCESSOR SUPPORT CIRCUITS 




AVAILABILITY 

PRODUCT 

DESCRIPTION 

Dip 

Flatpack 

LOGIC 

54123 

Retriggerable Monostable Multivibrator 

F 

W 

54180 

8-Bit Odd/Even Parity Checker 

F 

W 

54298 

Quad 2-Input Mux with Storage 

F 

w 

54S182 

Look-Ahead Carry Generator 

* 

* 

54S194 

4-Bit Bidirectional Shift Register 

* 

* 

54S195 

4-Bit Parallel Access Shift Register 

* 

* 

54LS365 

High Speed Hex Tri-State Buffer 

F 

* 

54LS366 

High Speed Hex Tri-State Buffer 

F 

* 

54LS367 

High Speed Hex Tri-State Buffer 

F 

* 

54LS368 

High Speed Hex Tri-State Buffer 

F 

* 

8262 

9-Bit Parity Generator Checker 

F 

w 

8281 

Presettable Binary Counter 

F 

w 

8291 

Presettable High Speed Binary Counter 

F 

w 

9602 

Dual Monostable Multivibrator 

F 

w 

INTERFACE 

8T09 

Quad Bus Driver with Tri-State Output 

F 

w 

8T10 

Quad D-Type Bus Latch (Tri-State Outputs) 

F 

w 

8T13 

Dual Line Driver 

F 

w 

8T14 

Triple Line Receiver/Schmitt Trigger 

F 

w 

8T26A 

Quad Bus Driver/Receiver (Tri-State) 

F 

w 

8T28 

Quad Bus Non-Inverting Driver/Receiver (Tri-State) 

F 

w 

8T32 

Programmable 8-Bit I/O Port (3-State) 

1 

* 

8T33 

Programmable 8-Bit I/O Port (Open Collector) 

1 

* 

8T35 

Asynchronous Programmable 8-Bit I/O Port 

1 

* 

8T95 

(Open Collector) 

High Speed Hex Buffer (Tri-State) 

F 

* 

8T96 

High Speed Hex Inverter (Tri-State) 

F 

* 

8T97 

High Speed Hex Buffer (Tri-State) 

F 

* 

8T98 

High Speed Hex Inverter (Tri-State) 

F 

* 


‘Under development 
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PLASTIC PACKAGES 


INTRODUCTION 

The following information applies to all 
packages unless otherwise specified on 
individual package outline drawings. 

General 

1. Dimensions shown are metric units (mil¬ 
limeters), except those in parentheses 
which are English units (inches). 

2. Lead spacing shall be measured within 
this zone. 

a.Shoulder and lead tip dimensions 
are to centerline of leads. 

3. Tolerances non-cumulative 

4. Thermal resistance values are deter¬ 
mined by utilizing the linear temperature 
dependence of the forward voltage drop 
across the substrate diode in a digital 
device to monitor the junction tempera¬ 
ture rise during known power applica¬ 
tion across VCC and ground. The values 
are based upon 120 mils square die for 
plastic packages and a 90 mils square die 
in the smallest available cavity for her¬ 
metic packages. All units were solder 
mounted to P.C. boards, with standard 
stand-off, for measurement. 

Plastic Only 

5. Lead material: Alloy 42 or equivalent, 
solder dipped. 

6. Body material: Plastic 

7. Round hole in top corner denotes lead 
No. 1. 

8. Body dimensions do not include mold¬ 
ing flash. 


Hermetic Only 

9. Lead material 

a. Alloy 52—gold plated, or solder dipped. 

b. ASTM alloy F-15 (KOVAR) or equivalent- 
gold plated, tin plated, or solder dipped. 

c. ASTM alloy F-30 (Alloy 42) or equivalent- 
tin plated. 

d. ASTM alloy F-15 (KOVAR) or equivalent- 
gold plated. 

e. ASTM alloy F-15 (KOVAR) or equivalent- 
tin plated. 

10. Body Material 

a. 1010 Steel—nickel plated or tin plate over 
nickel. 

b. Eyelet, ASTM alloy F-15 or equivalent—gold 
or tin plated. 

c. Eyelet, ASTM alloy F-15 or equivalent—gold 
or tin plated, glass body. 

d. Ceramic with glass seal at leads, 

e. BeO ceramic with glass seal at leads. 

f. Ceramic with ASTM alloy F-15 or equivalent. 

11. Lid Material 

a. 1010 steel, nickel plated, or tin-plate over 
nickel, weld seal. 

b. Nickel or tin plated nickel, weld seal. 

c. Ceramic, glass seal. 

d. ASTM alloy F-15 or equivalent, gold plated. 

e. BeO Ceramic with glass seal. 

f. Translucent AI 2 O 3 , glass seal. 


NO. OF 
LEADS 

PACKAGE 

CODE 

V®ic<“c/w) 

DESCRIPTION 1 

PAGE 

Standard Dual-in-Line 




8 

NE 

162/65 


3 

14 

NH 

150/65 

TO-116/MO-001 

3 

16 

NJ 

137/53 

MO-001 

3 

18 

NK 

135/53 


3 

20 

NL 

135/53 


3 

22 

NM 

120/53 


3 

24 

NN 

116/53 

MO-015 

4 

28 

NQ 

116/53 

MO-015 

4 

40 

NW3 

110/50 

MO-015 

4 

Power Dual-in-Line 




14 

NHA2 

95/33 

Butterfly 

3 

16 

NJA2 

95/33 

Butterfly 

3 

18 

NKA2,3 

90/26 

Butterfly 

3 

20 

NLA2,3 

90/26 

Butterfly 

3 

24 

NNA2 

60/23 

Butterfly 

4 

28 

NQA2 

56/21 

Butterfly 

4 

Power 





3 

S 

200/70 

TO-92 

5 

3 

U 

75/3 

TO-220 

5 

3 + GND 

GB3 

95/15 

Single-in-Line (SIL) 

5 

4 + GND 

GC3 

95/15 

Single-in-Line (SIL) 

5 

12 + GND 

PH/PHA3 

95/15 

Batwing 

5 


12.Signetics symbol, angle cut, or lead tab 
denotes Lead No. 1. 

13. Recommended minimum offset before 
lead bend. 

14. Maximum glass climb .010 inches. 

15. Maximum glass climb or lid skew is .010 
inches. 

16. Typical four places. 

17. Dimension also applies to seating plane. 
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HERMETIC PACKAGES 


NO. OF PACKAGE 

LEADS CODE 

eja/ejc(°c/w) 

DESCRIPTION! 

PAGE 

Metal Headers 

2 

DA 

TBD 

TO-3 Solid Header 

6 

3 

DB 

TBD 

TO-39 Solid Header, Short Can 

6 

4 

DC 

TBD 

TO-72 Solid Header 

6 

4 

DE 

TBD 

TO-72 Glass Filled Header 

6 

8 

T 

150/25 

TO-99 Header (.200 Dia.) 

7 

10 

K 

150/25 

TO-100 Header, Short Can 

7 

10 

L 

150/25 

TO-100 Header, Tall Can 

7 

Flat Packs 

10 

WF 

240/50 

Flat Ceramic 

8 

14 

WH 

205/50 

Flat Ceramic 

8 

16 

WJ 

200/50 

Flat Ceramic 

8 

24 

WN 

155/40 

Flat Ceramic 

8 

16 

RJ/RJA 

133/30 

Flat Ceramic, BeO 

8 

18 

RKA3 

TBD 

Flat Ceramic, BeO 

— 

24 

RNA 

TBD 

Flat Ceramic, BeO 

8 

28 

RQA 

TBD 

Flat Ceramic, BeO 

9 

40 

RWA 

TBD 

Flat Ceramic, BeO 

9 

10 

QF 

230/55 

Flat Ceramic 

9 

14 

QH 

185/45 

Flat Ceramic 

9 

16 

QJ 

170/45 

Flat Ceramic 

9 

24 

QN 

155/44 

Flat Ceramic 

9 

10 

QFA 

230/55 

Flat Ceramic Laminate 

10 

14 

QHA 

185/45 

Flat Ceramic Laminate 

10 

16 

QJA 

170/45 

Flat Ceramic Laminate 

10 

24 

QNA 

155/44 

Flat Ceramic Laminate 

10 

Cerdip Family 

14 

FH 

110/30 

Dual in-Line Ceramic 

11 

16 

FJ 

100/30 

Dual-in-Line Ceramic 

11 

18 

FK 

93/27 

Dual-in-Line Ceramic 

11 

22 

FM 

75/27 

Dual-in-Line Ceramic 

11 

24 

FN 

60/26 

Dual-in-Line Ceramic 

11 

Laminated Ceramic, Side Brazed Lead 

8 lEA 100/30 

Dip Laminate 

12 

14 

IHA 

95/25 

Dip Laminate 

12 

16 

IJA 

90/25 

Dip Laminate 

12 

18 

IKA 

88/25 

Dip Laminate 

12 

22 

IMA 

80/25 

Dip Laminate 

12 

24 

INC/IND 

65/25 

Dip Laminate 

12 

28 

IQA 

60/25 

Dip Laminate 

13 

40 

IWA 

55/25 

Dip Laminate 

13 

50 

IZA 

TBD 

Dip Laminate 

13 


NOTES 

1. Dual-in-Line packages unless otherwise described 

2. Package outline is the same as corresponding standard Dual-in-Line package with identical number 
of leads 

3. Package not yet available, scheduled for 1977 release 
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PLASTIC: Standard and Power Dual-In-Line 


NE Package 


NH Package and NHA Package 




NJ Package and NJA Package 


NK Package and NKA Package 




o 

o 

1 t 

' 6.40 (.: 

6.22 (.: 

1 

19.18 (.756) 

' 18.92 (.745) ■' 






NL Package and NLA Package 



NM Package 


D NO. 1 



1 10.41 (.410) 1 

9.91 (.390) n 

2.16 (.085) 
1.88 (.074) 

k H 

// 0.38 (.015) 1 

// 0.25 (.010)“^ 

1 12.57 (.495) 

r 10.16 (.400) 



signotiES 


891 










PLASTIC: Standard and Power Dual-In-Line (cont’d.) 


NN Package and NNA Package 


NQ Package and NQA Package 




NW Package 


Package not yet available 
Scheduled for 1977 release 
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PLASTIC: Power (Not Dual-ln-Line) 


S Package 


U Package 



, 5.21 (.205) DIA. , 
4.44 (.175) 


5.33 (.210) 

4.32 (.170) 

1 . 


SEATING PLANE 

1 

TTcnr 



r D D 

.41 (.016) 


3.43 (.135) (WIN 




NOTE; 1. LEAD IWATERIAL - COPPER, NICKEL PLATED, SOLDER DIPPED. 


GB Package 


GC Package 


Package not yet available 
Scheduled for 1977 release 


Package not yet available 
Scheduled for 1977 release 


PH/PHA Package 



NOTE; 1. FRAME MATERIAL - 

COPPER, SILVER PLATED. 



PH 



(ALTERNATE TAB CONFIGURATION) 
10.36 (.408) 
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HERMETIC: Metal Headers 


DA Package 


DB Package 





9.40 (.370) 

*■ ^ 9.02 (.355) 

1 a26(^) 1 

8.00 (.315) 



/ \ 

4.70 

4.19 

T 1 

0^(^j II 1 1 II 

0.51 (.020) LJ UJ U 

D D _ 

14.27 (.! 
12.70 (.! 


0.48 ( .019 ) 
0.41 (.016) 



DC Package 


DE Package 


DIA. 

I ^ 4.95 (.I9b) ^ , 
I 4.52 (.178)*"! 


14.22 (.560) 
12.70 (.500) 



-5.64 (.230) 


4 LEADS 
0.48 (.019 ) 
0.41 (.016) 


5.31 (.209) 



DIA. 

,195 (J^) 

I 4.52 (.178) I 



0.76 (.030) 
MAX. 

T 


■4 LEADS 
0.48 (.019) 
0.41 (.016) 


5.31 (.209) 
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HERMETIC: Metal Headers (cont’d.) 


T Package 


K Package 


t 

4,70 (.185) 
4.19 (.165) 

1 , 

f -- 

\ 

0.76 (.030) 

0.51 (.020) 

^ i 

t 

14.28 (.562) 
12.70 (.500) 

t 

INHI 

_DD D DD' 

1.14 (.045) 

0.38 (.015) insulator 

0.48 (.019) 

0.41 (.016) 

8 LEA(5S 




INSULATOR 


CONSTRUCTION NOTES: 9b, 10c, 11b 


L Package 



CONSTRUCTION NOTES; 9b, 10c, 11b 
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HERMETIC: Flat Packs 


WF Package 


0 


Sj_ 


[12] LEAD NO. 1 




K-0 


0.15 (.006 ) 
~ 0.08 (.003) 






T 

6.60 (.260) 
6.10 (.240) 


0.48 (.019) 0.89 (.03 

0 

J. 


± 


-[ii] 0.76 (.030) 


I) t 2.16 (.085) t 


CONSTRUCTION NOTES: 9c, lOd, 11c 


WH Package 

I-0.13 (.005) MIN 

I [ii] r (iil lead no. i 


0 


I Ih] 




016 (.006) 


0.76 (.( 


0 


1.40 (.055) 
1.14 (.045) 






7.75 (.305) 9.14 ( .360) 
7.49 (.295) 8.38 (.330) 


~T 0.48 (.019 ) 
0.38 (.015) 


± 


I {MO) TL 2.16 (.086) 


CONSTRUCTION NOTES; 9c, lOd, 11c 


WJ Package WN Package 



RJ and RJA Package 


RNA Package 


.61 (.020) [2] 1.52 ( .060) 

1.02 (.040) 


9.14 ( .360) 10.39 ( .409) 
8.64 (.340) 9.40 (.370) 



RJA CONSTRUCTION NOTES; 9c, lOe, lie 
RJ CONSTRUCTION NOTES: Sd, lOe, lid 


im- 


m- 


0.15 (.006) 
0.10 (.004) 


ZTD S 1.52 (.060) 
-1 I 1.02 (.040) 


14.22 (.560) 
13.72 (.540) 


9.40 (.370) 

i _1 

10.16 (.400) 

1—:-f-- —^ 

1 ^ I 

1.02 (.040) 

0.52 (.020) 1 

’ 8.38 (.330) * 

1 9.14 (.360) 

28.96 (1.140) 


25.91 (1.020) 

0.76 (.030) —► 

! J 

^0 

1 1 
t 

1 . 1 

E 

i 2.16 (.0{ 

1.27 (.06 
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HERMETIC: Flat Packs (conf d.) 


QFA Package 


QHA Package 


1 21.84 (.860) 

21.34 (.840) 


1.40(055) 1—1 
1,14(045) L2J 





(.270) 

(.240) 

t - 

0.13 (.005) 1- 



_ t 

1- 


T 1 . 6.10 

5.34 (.210) 
4.83 (.190) 

-^Fi] 

I CZI_- 




^ _y.li/ (.3lu) 

1 0.4^7oW^<^> " 

0.38 (.015) 

1 

6.60 (.260) 

6.10 (.240) 

-^[lH 

|-^0.51 (.020) [T] I 

1.14 (.045) MAX J 

[-^0.76 (.030) (il] 1 

=1 1= 

2.16 (.085) 

1 1.78 (.060) 

0.15 (.006) 4.701.185)1, ,1 

0.10 (.004) 4.20 (.165) ' ' 



LEAD NO. 1 [il|-p 


iir 


8.89 (.350) 
8.38 (.330) 


6.60 (.260) 
6.10 (.240) 






1.40 (.055) rri 
j 1.14 (.045 ) L2J 


7.87 (.310 ) 
7.37 (.290) 


L~.51 


(.020) [7] 

,76 (.030) 


0.48 (.019) 
0.38 (.015) 


L-1.14(.W 


I 2.16 (.085) 

—L 1 7« (fwni 


1.27 (.0! 
0.76 (.030) 


0.64 (.025) T~ 
0.25 (.010) 


CONSTRUCTION NOTES: 9d, lOf. 11c 


CONSTRUCTION NOTES: 9d, lOf, 11c 


QJA Package 


QNA Package 


24.38 (.960) 


EAD NO. 1 

_ 

23.88 (.940) 

1.40 (.055) m 

1 1.14 (.045) ^ 

1 ^ 9.14I.36O) 

29 (.405) 1.' 

52T375J 1' ■ - 


1 1 8.64 (.340) 

0t 

9.40 (.370) 

8.38 (.330) 

7.24 (.285) 
6.48 (.255) 

1 1^0.48 (.019) t 1.15)45) 1 

^ _.51 (.020) [2] 0.38 (.015) 

IVl'lN 

r 

* 

1 

:ji 

N— .76 (.030) [i^ \ 


J 

n re 

1 1 2.16 (.085) 

g ‘—> .1 1 78 (060) 

0.15 (.006)_t 

0.10 (.004) 

5.08 (.200) 
4.57 (.180) 


0.64 (.025)_i 4 

0.25 (.010) 1 

_ 1.27 (.050) 

0.76 (.030) 


CONSTRUCTION NOTES: 9d, lOf, 11c 



CONSTRUCTION NOTES: 9d, lOf, 11c 


RKA Package 


Package not yet available 
Scheduled for 1977 release 
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HERMETIC: Cerdip 


FH Package 


FJ Package 


^ -LEAD NO. 1 

AA A A A 

r 7.67 (.302) MAX 


Li? V WW^7 





£ 


LEAD NO. 1 


7.67 (.302) MAX 





FK Package 

LEAD NO. 1 




FM Package 

LEAD NO. 1 [iF| 







CONSTRUCTION NOTES: 9c, lOd, 1 


FN Package 
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HERMETIC: Laminated Ceramic, Side Brazed Lead 


lEA Package 


I HA Package 



CONSTRUCTION NOTES: 9e, lOf, 11c 


IJA Package 


IKA Package 



CONSTRUCTION NOTES: 9e, lOf, 11c 




CONSTRUCTION NOTES: 9e. lOf, 11c 


IMA Package 


INC Package and IND Package 



CONSTRUCTION NOTES; 9e, lOf, 11c 


CONSTRUCTION NOTES: 98, lOf, 11c, Ilf (IND) 
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SIGNETICS 

HEADQUARTERS 

811 East Argues Avenue 
Sunnyvale, California 94086 
Phone: (408) 739-7700 


ALABAMA 

Huntsville 

Phone: (205) 534-5671 


ARIZONA 

Phoenix 

Phone: (602) 971-2517 


CALIFORNIA 

Inglewood 

Phone: (213) 670-1101 
Irvine 

Phone: (714) 833-8980 
(213) 924-1668 
San Diego 

Phone: (714) 560-0242 

Sunnyvale 

Phone: (408) 736-7565 


COLORADO 

Parker 

Phone:(303)841-3274 


FLORIDA 

Pompano Beach 

Phone: (305) 782-8225 


ILLINOIS 

Rolling Meadows 
Phone:(312)259-8300 


INDIANA 

Noblesvllle 
Phone (317) 773-6770 


KANSAS 

Wichita 

Phone: (316) 683-5652 


MARYLAND 

Columbia 

Phone: (301) 730-8100 


MASSACHUSETTS 

Woburn 

Phone: (617)933-8450 


MINNESOTA 

Edina 

Phone: (612) 835-7455 


NEW JERSEY 
Cherry Hill 

Phone: (609) 665-5071 

PIscataway 

Phone: (201)981-0123 


NEW YORK 

Wappingers Falls 
Phone: (914) 297-4074 
Woodbury, LI. 

Phone: (516) 364-9100 


OHIO 

Worthington 

Phone: (614) 888-7143 

TEXAS 

Dallas 

Phone: (214) 661-1296 


MARYLAND 

Glen Burni 
Microcomp, Inc. 
Phone: (3(31) 761-4600 


MASSACHUSETTS 

Reading 

Kanan Associates 
Phone: (617) 944-8484 


REPRESENTATIVES 


CALIFORNIA 

San Diego 
Mesa Engineering 
Phone: (714) 278-8021 

Sherman Oaks 
Astralonics 

Phone: (213) 990-5903 


MICHIGAN 

Bloomfield Hills 

Enco Marketing 
Phone: (313) 642-0203 


MINNESOTA 

Edina 

Mel Foster Tech. Assoc. 
Phone: (612) 835-2254 


CANADA 
Calgary, Alberta 

Philips Electronics Industries Ltd. 
Phone: (403) 243-2710 

Montreal, Quebec 

Philips Electronics Industries Ltd. 
Phone: (514) 342-9180 

Ottawa, Ontario 

Phillips Electronics Industries Ltd. 
Phone:(613)237-3131 

Scarborough, Ontario 
Philips Electronics Industries Ltd. 
Phone: (416) 292-5161 

Vancouver, B.C. 

Philips Electronics Industries Ltd. 
Phone: (604) 435-4411 


COLORADO 

Denver 

Barnhill Five, Inc. 
Phone: (303) 426-0222 


CONNECTICUT 

Newtown 

Kanan Associates 
Phone: (203) 426-8157 


FLORIDA 

Altamonte Springs 

Semtronic Associates 
Phone: (305) 831-8233 

Largo 

Semtronic Associates 
Phone: (813) 586-1404 


ILLINOIS 

Chicago 
L-Tec Inc. 

Phone: (312) 286-1500 


INDIANA 

Indianapolis 

Enco Marketing 
Phone: (317) 546-5511 


MISSOURI 
Earth City 

Advanced Technology Sales 
Phone: (314) 739-4048 


NEW JERSEY 

Haddonfield 
Thomas Assoc. Inc. 
Phone:(609)854-3011 

NEW MEXICO 
Albuquerque 

The Staley Company, Inc. 
Phone: (505) 821-4310/11 


NEW YORK 
Ithaca 

Bob Dean, Inc. 

Phone: (607) 272-2187 


NORTH CAROLINA 
Cary 

Montgomery Marketing 
Phone: (919) 467-6319 


OHIO 

Centerville 

Norm Case Associates 
Phone: (513) 433-0966 

Fairview Park 

Norm Case Associates 
Phone: (216) 333-4120 


OREGON 

Portland 

Western Technical Sales 
Phone: (503) 297-1711 


TEXAS 

Austin 

Cunningham Co. 
Phone: (512) 459-8947 

Dallas 

Cunningham Co. 
Phone:(214)233-4303 

Houston 

Cunningham Company 
Phone: (713) 461-4197 


KANSAS 

Overland Park 

Advanced Technology Sales 
Phone: (913) 492-4333 


UTAH 

West Bountiful 

Barnhill Five, Inc. 
Phone: (801) 292-8991 


WASHINGTON 

Bellevue 

Western Technical Sales 
Phone: (206) 641-3900 

WISCONSIN 

Greenfield 
L-Tec, Inc. 

Phone: (414) 545-8900 


DISTRIBUTORS 

ALABAMA 

Huntsville 

Hamllton/Avnet Electronics 
Phone:(205)533-1170 

ARIZONA 

Phoenix 

Hamilton/Avnet Electronics 
Phone: (602) 275-7851 

Liberty Electronics 
Phone: (602)257-1272 

CALIFORNIA 

Costa Mesa 

Avnet Electronics 
Phone: (714) 754-6111 

Schweber Electronics 
Phone: (213)537-4320 

Culver City 

Hamilton Electro Sales 
Phone: (213) 558-2173 

El Segundo 

Liberty Electronics 
Phone: (213) 322-8100 

Mountain View 
Elmar Electronics 
Phone:(415)961-3611 

Hamilton/Avnet Electronics 
Phone: (415) 961-7000 

San Diego 

Hamilton/Avnet Electronics 
Phone: (714) 279-2421 

Liberty Electronics 
Phone: (714) 565-9171 

Sunnyvale 

Intermark Electronics 
Phone: (408) 738-1111 

CANADA 

Downsview, Ontario 
Cesco Electronics 
Phone: (416) 661-0220 

Mississauga, Ontario 

Hamilton/Avnet Electronics 
Phone: (416) 677-7432 

Montreal, Quebec 

Cesco Electronics 
Phone: (514) 735-5511 

Zentronics Ltd. 

Phone: (514) 735-5361 
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Ottawa, Ontario 

Cesco Electronics 
Phone: (613) 729-5118 

Hamilton/Avnet Electronics 
Phone: (613) 226-1700 

Zentronlcs Ltd. 

Phone: (613) 238-6411 

Toronto, Ontario 
Zentronics Ltd. 
Phone:(416)789-5111 

Vancouver, B.C. 

Bowtek Electronics Co., Ltd. 
Phone: (604) 736-1141 

Ville St. Laurent, Quebec 

Hamilton/Avnet Electronics 
Phone:(514)331-6443 


COLORADO 

Commerce City 
Elmar Electronics 
Phone:(303)287-9611 

Denver 

Hamilton/Avnet Electronics 
Phone: (303) 534-1212 


CONNECTICUT 

Danbury 

Schweber Electronics 
Phone: (203) 792-3500 

Georgetown 

Hamilton/Avnet Electronics 
Phone:(203)762-0361 

Hamden 

Arrow Electronics 
Phone: (203) 248-3801 


FLORIDA 

Ft. Lauderdale 

Arrow Electronics 
Phone: (305)776-7790 

Hamilton/Avnet Electronics 
Phone:(305)971-2900 

Hollywood 

Schweber Electronics 
Phone: (305) 922-4506 

Orlando 

Hammond Electronics 
Phone: (305) 241-6601 


GEORGIA 

Atlanta 

Schweber Electronics 
Phone: (404) 449-9170 

Norcross 

Hamilton/Avnet Electronics 
Phone: (404) 448-0800 


ILLINOIS 
Elk Grove 

Schweber Electronics 
Phone: (312) 593-2740 
Elmhurst 

Semiconductor Specialists 
Phone:(312)279-1000 
Schiller Park 

Hamilton/Avnet Electronics 
Phone: (312) 671-6082 

INDIANA 

Indianapolis 

Semiconductor Specialists 
Phone:(317)243-8271 

KANSAS 

Lenexa 

Hamilton/Avnet Electronics 
Phone: (913) 888-8900 

MARYLAND 

Baltimore 

Arrow Electronics 
Phone: (301) 247-5200 

Gaithersburg 

Pioneer Washington Electronics 
Phone:(301)948-0710 
Hanover 

Hamilton/Avnet Electronics 
Phone: (301) 796-5000 
Rockville 

Schweber Electronics 
Phone: (301) 881-2970 


MASSACHUSETTS 

Waltham 

Schweber Electronics 
Phone: (617) 890-8484 

Woburn 

Arrow Electronics 
Phone:(617)933-8130 
Hamilton/Avnet Electronics 
Phone: (617) 933-8000 

MICHIGAN 

Livonia 

Hamilton/Avnet Electronics 
Phone: (313) 522-4700 

Troy 

Schweber Electronics 
Phone:(313)583-9242 

MINNESOTA 

Eden Prairie 

Schweber Electronics 
Phone:(612)941-5280 
Edina 

Hamilton/Avnet Electronics 
Phone: (612) 941-3801 
Minneapolis 

Semiconductor Specialists 
Phone: (612) 854-8841 


MISSOURI 

Hazelwood 

Hamilton/Avnet Electronics 
Phone: (314) 731-1144 

NEW MEXICO 

Albuquerque 

Hamilton/Avnet Electronics 
Phone: (505) 765-1500 

NEW YORK 

Buffalo 

Summit Distributors 
Phone:(716)884-3450 

East Syracuse 

Hamilton/Avnet Electronics 
Phone:(315)437-2642 

Farmingdale, L.l. 

Arrow Electronics 
Phone: (516) 694-6800 

Rochester 

Hamilton/Avnet Electronics 
Phone: (716)442-7820 

Schweber Electronics 
Phone: (716) 461-4000 

Westbury, L.l. 

Hamilton/Avnet Electronics 
Phone: (516) 333-5800 

Schweber Electronics 
Phone:(516)334-7474 

NORTHERN NEW JERSEY 

Cedar Grove 

Hamilton/Avnet Electronics 
Phone: (201) 239-0800 

Saddlebrook 
Arrow Electronics 
Phone: (201) 797-5800 

SOUTHERN NEW JERSEY 
AND PENNSYLVANIA 

Cherry Hill, N.J. 

Mllgray-Delaware Valley 
Phone:(609)424-1300 

Moorestown, N.J. 

Arrow/Angus Electronics 
Phone: (609) 235-1900 

ML Laurel, N.J. 

Hamilton/Avnet Electronics 
Phone: (609) 234-2133 

CENTRAL NEW JERSEY 
AND PENNSYLVANIA 

Somerset, N.J. 

Schweber Electronics 
Phone:(201)469-6008 

Horsham, PA 

Schweber Electronics 
Phone: (215) 441-0600 

NORTH CAROLINA 

Greensboro 
Hammond Electronics 
Phone: (919) 275-6391 


OHIO 

Beechwood 
Schweber Electronics 
Phone:(216)464-2970 

Cleveland 
Arrow Electronics 
Phone:(216)464-2000 
Hamilton/Avnet Electronics 
Phone: (216) 461-1400 
Pioneer Standard Electronics 
Phone: (216) 587-3600 

Dayton 

Arrow Electronics 
Phone: (513) 253-9176 
Hamilton/Avnet Electronics 
Phone:(513)433-0610 
Pioneer Standard Electronics 
Phone: (513) 236-9900 

OKLAHOMA 

Tulsa 

Component Specialties 
Phone: (918) 664-2820 

TEXAS 

Dallas 

Component Specialties 
Phone:(214)357-4576 
Hamilton/Avnet Electronics 
Phone: (214) 661-8661 
Quality Components 
Phone: (214) 387-4949 
Schweber Electronics 
Phone: (214) 661-5010 

Houston 

Component Specialties 
Phone: (713) 771-7237 
Hamilton/Avnet Electronics 
Phone: (713) 780-1771 

Quality Components 
Phone: (713) 772-7100 
Schweber Electronics 
Phone: (713) 784-3600 

UTAH 

Salt Lake City 

Alta Electronics 
Phone: (801) 486-7227 
Hamilton/Avnet Electronics 
Phone: (801) 972-2800 

WASHINGTON 

Bellevue 

Hamilton/Avnet Electronics 
Phone:(206)746-8750 . 

Seattle 

Intermark Electronics 
Phone: (206)767-3160 

Liberty Electronics 
Phone: (206)763-8200 

WISCONSIN 
New Berlin 

Hamilton/Avnet Electronics 
Phone: (414) 784-4510 
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FOR SIGNETICS 

PRODUCTS 

WORLDWIDE: 


ARGENTINA 

Fapesa l.y.C. 

Buenos-Aires 
Phone: 652-7438/7478 

AUSTRIA 

Osterreichische Philips 
Wien 

Phone: 93 26 11 

AUSTRALIA 

Philips Industries-ELCOMA 
Lane-Cove, N.S.W. 
Phone:421261 

BELGIUM 

M.B.L.E. 

Brussels 

Phone: 523 00 00 

BRAZIL 

Ibrape, S.A. 

Sao Paulo 
Phone:284-4511 

CANADA 

Philips Electron Devices 
Toronto 

Phone: 425-5161 

CHILE 

Philips Chilena S.A. 

Santiago 
Phone: 39-4001 

DENMARK 

Miniwatt A/S 
Kobenhavn 
Phone: (01) 69 16 22 


FINLAND 

Oy Philips Ab 

Helsinki 
Phone: 1 72 71 

FRANCE 

R.T.C. 

Paris 

Phone: 355-44-99 

GERMANY 

Valvo 

Hamburg 

Phone: (040) 3296-1 

HONG KONG 

Philips Hong Kong, Ltd. 
Kwuntong 
Phone: 3-427232 

INDIA 

Semiconductors, Ltd. 

(REPRESENTATIVE ONLY) 

Bombay 

Phone: 293-667 

INDONESIA 

P.T. Philips-Ralin Electronics 

Jakarta 

Phone: 581058 

IRAN 

Berkeh Company, Ltd. 

Tehran 

Phone:831564 

ISRAEL 

Rapac Electronics, Ltd. 

Tel Aviv 

Phone:477115-6-7 

ITALY 

Philips S.p.A. 

Milano 

Phone: 2-6994 


JAPAN 

Signetics Japan, Ltd. 

Tokyo 

Phone: (03) 230-1521 

KOREA 

Philips Elect Korea Ltd. 

Seoul 

Phone: 44-4202 

MEXICO 

Electronica S.A. de C.V. 
Mexico D.F. 
Phone:533-1180 

NETHERLANDS 
Philips Nederland B.V. 

Eindhoven 

Phone: (040) 79 33 33 

NEW ZEALAND 
E.D.A.C., Ltd. 

Wellington 
Phone: 873 159 

NORWAY 
Electronica A.S. 

Oslo 

Phone: (02) 15 05 90 

PAKISTAN 

Elmac Ltd/Karin Chambers 

Karachi 

Phone: 515-122 

PHILIPPINES 
Philips Industrial Dev., Inc. 
Makata-RIzal 
Phone: 868951-9 

SINGAPORE/MALAYSIA 

Philips Singapore Pte., Ltd. 
Toa Payoh 
Phone: 538811 

SOUTH AFRICA 

E.D.A.C. (PTY), Ltd. 

Johannesburg 
Phone: 24-6701-3 


SPAIN 

Copresa S.A. 

Barcelona 
Phone: 329 63 12 


SWEDEN 

Eicoma A.B. 

Stockholm 
Phone: 08/67 97 80 


SWITZERLAND 

Philips A.G. 

Zurich 

Phone: 01/44 22 11 


TAIWAN 

Philips Taiwan, Ltd. 

Taipei 

Phone: (02) 551-3101-5 


THAILAND/LAOS 

Saeng Thong Radio, Ltd. 

Bangkok 

Phone: 527195, 519763 


UNITED KINGDOM 

Mullard, Ltd. 

London 

Phone: 01-580 6633 


UNITED STATES 

Signetics International Corp. 
Sunnyvale, California 
Phone: (408) 739-7700 


VENEZUELA 

Industrias Venezolanas 
Philips S.A. 

Caracus 

Phone:360-511 
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7520 Dual Core Memory Sense Amplifier . 304 

7522 Dual Core Memory Sense Amplifier . 304 

7524 Dual Core Memory Sense Amplifier . 304 

7528 Dual Core Memory Sense Amplifier . 304 

75S107 High Speed Dual Line Receiver . 347 

75S108 High Speed Dual Line Receiver . 350 

75S207 High Speed Dual Sense Amplifier for MOS Memories .. 298 

75S208 High Speed Dual Sense Amplifier for MOS Memories. 301 

75232 Dual Core Memory Sense Amplifier . 304 

75234 Dual Core Memory Sense Amplifier . 304 

75324 Memory Driver with Decode Inputs . 317 

55/75325 Memory Driver . 292 

55/75450B Dual Peripheral Positive Driver . 354 

55/75451B Dual Peripheral Positive Driver . 354 

55/75452B Dual Peripheral Positive Driver . 354 

55/75453B Dual Peripheral Positive Driver . 354 

55/75454B Dual Peripheral Positive Driver . 354 

CA3081 Seven Transistor Array . 387 

CA3082 Seven Transistor Array . 387 

CA3089 FM IF System . 487 

DS3611 High Voltage Peripheral Driver . 325 

DS3612 High Voltage Peripheral Driver . 325 

DS3613 High Voltage Peripheral Driver . 325 

DS3614 High Voltage Peripheral Driver . 325 

DS7820 Dual Line Receiver . 329 

DS8820 Dual Line Receiver . 329 

DS7820A Dual Line Receiver . 331 

DS8820A Dual Line Receiver . 331 

DS7830 Dual Differential Line Driver. 335 

DS8830 Dual Differential Line Driver. 335 

DS8880 High Voltage 7- Segment Decoder/Driver . 423 

DS8880-1 High Voltage 7*- Segment Decoder/Driver . 423 

LF155/155A High Performance JFET Input Op Amp (Low Supply Current) . 13 

LF156/156A High Performance JFET Input Op Amp (Wide Band). 13 

LF157/157A High Performance JFET Input Op Amp (Wide Band) . 13 

LF255 High Performance JFET Input Op Amp (Low Supply Current) .. 13 

LF256 High Performance JFET Input Op Amp (Wide Band) . 13 

LF257 High Performance JFET Input Op Amp (Wide Band) . 13 

LF355/355A High Performance JFET Input Op Amp (Low Supply Current) . 13 

LF356/356A High Performance JFET Input Op Amp (Wide Band) . 13 

LF357/357A High Performance JFET Input Op Amp (Wide Band) .. 13 

LH2101A High Performance Amplifier. 26 

LH2108/2108A Precision Operational Amplifier . 40 

LH2111 Voltage Comparator . 257 

LH2201A High Performance Amplifier. 26 

LH2208/2208A Precision Operational Amplifier . 40 

LH2211 Voltage Comparator . 257 

LH2301A High Performance Amplifier. 26 

LH2308/2308A Precision Operational Amplifier . 40 

LH2311 Voltage Comparator . 257 

LM101 High Performance Amplifier... 26 

LM101A High Performance Amplifier. 26 

LM107 General Purpose Operational Amplifier . 36 

LM108 Precision Operational Amplifier . 40 

LM108A Precision Operational Amplifier . 40 

LM109 Five Volt Regulator . 137 

LM111 Voltage Comparator . 257 

LM119 Dual Voltage Comparator . 260 
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LM124 General Purpose Single Supply Operational Amplifier . 49 

LM124A General Purpose Single Supply Operational Amplifier . 49 

LM139 Quad Voltage Comparator . 265 

LM139A Quad Voltage Comparator . 265 

LM158 General Purpose Single Supply Operational Amplifier . 49 

LM158A General Purpose Single Supply Operational Amplifier . 49 

LM193 Low Power Dual Voltage Comparator. 270 

LM193A Low Power Dual Voltage Comparator. 270 

LM201 High Performance Amplifier. 26 

LM201A High Performance Amplifier ... 26 

LM207 General Purpose Operational Amplifier . 36 

LM208 Precision Operational Amplifier . 40 

LM208A Precision Operational Amplifier . 40 

LM209 Five Volt Regulator . 137 

LM211 Voltage Comparator . 257 

LM219 Dual Voltage Comparator . 260 

LM224 General Purpose Single Supply Operational Amplifier . 49 

LM224A General Purpose Single Supply Operational Amplifier . 49 

LM239 Quad Voltage Comparator . 265 

LM239A Quad Voltage Comparator . 265 

LM258 General Purpose Single Supply Operational Amplifier .. 49 

LM258A General Purpose Single Supply Operational Amplifier .. 49 

LM293 Low Power Dual Voltage Comparator. 270 

LM293A Low Power Dual Voltage Comparator... 270 

LM301A High Performance Amplifier. 26 

LM307 General Purpose Operational Amplifier . 26 

LM308 Precision Operational Amplifier . 40 

LM308A Precision Operational Amplifier . 40 

LM309 Five Volt Regulator . 137 

LM311 Voltage Comparator . 257 

LM319 Dual Voltage Comparator . 260 

LM324 General Purpose Single Supply Operational Amplifier . 49 

LM324A General Purpose Single Supply Operational Amplifier .... 49 

LM339 Quad Voltage Comparator . 265 

LM339A Quad Voltage Comparator . 265 

LM340 Three Terminal Positive Voltage Regulator. 140 

LM358 General Purpose Single Supply Operational Amplifier . 49 

LM358A General Purpose Single Supply Operational Amplifier . 49 

LM381 Dual Low-Noise Preamp . 463 

LM381A Dual Low-Noise Preamp . 463 

LM382 Dual Low-Noise Preamp ........ — 466 

LM387 Dual Low-Noise Preamp . 469 

LM393 Low Power Dual Voltage Comparator...... 270 

LM393A Low Power Dual Voltage Comparator ... 270 

LM2901 Quad Voltage Comparator . 265 

LM2903 Low Power Dual Voltage Comparator. 270 

MC1327 Chroma Demodulator. . 515 

MCI408-7 8-Bit Multiplying D/A Converter. 439 

MCI408-8 8-Bit Multiplying D/A Converter. 439 

MC1456 High Performance Operational Amplifier. 57 

MC1458 General Purpose Operational Amplifier. 60 

MC1488 Quad Line Driver . 337 

MC1489 Quad Line Receiver. .. 340 

MC1489A Quad Line Receiver... 340 

MC1496 Balanced Modulator-Demodulator . 492 

MCI508-8 8-Bit Multiplying D/A Converter.. 439 

MC1556 High Performance Operational Amplifier. 57 

MCI 558 General Purpose Operational Amplifier. . 60 

MCI596 Balanced Modulator-Demodulator. ... 492 

MC3302 Quad Voltage Comparator . 265 

NE502 Analog Bucket Brigade Delay Line . 391 

NE/SE510 Dual Differential Amplifier . 373 

NE/SE511 Dual Differential Amplifier . 373 

NE/SE515 Differential Amplifier. 67 

NE521 High Speed Dual Differential Comparator/Sense Amp .. 273 
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NE522 High Speed Dual Differential Comparator/Sense Amp . 276 

NE/SE527 Voltage Comparator . 279 

NE/SE529 Voltage Comparator . 283 

NE/SE530 High Slew Operational Amplifier . 607 

NE/SE531 High Slew Rate Operational Amplifier . 70 

NE/SE532 Dual Operational Amplifier Single or Dual Power Supply Operation . 70 

NE/SE532A Dual Operational Amplifier Single or Dual Power Supply Operation . 70 

NE/SE535 Single High Slew Rate Operational Amplifier. 80 

NE/SU536 FET Input Operational Amplifier. 85 

NE/SE538 Single High Slew Rate Operational Amplifier. 90 

NE/SE540 Power Driver . 472 

NE541 High Voltage Power Driver . 477 

NE542 Dual Low-Noise Preamp . 479 

NE543 Servo Amplifier .... 555 

NE544 Servo Amplifier. 557 

NE546 AM Radio Receiver Subsystem . 495 

NE/SE550 Precision Adjustable Regulator. 148 

NE/SE555 Timer . 243 

SE555C Timer . 243 

SA555 Timer . 243 

NE/SE556 Dual Timer. 246 

SA556C Dual Timer. 246 

NE/SE556-1 Dual Timer. 249 

SE556-1C Dual Timer. 249 

SA556-1 Dual Timer. 249 

NE/SE/SA558 Quad Timer . 252 

NE/SE/SA559 Quad Timer . 252 

NE560 Phase Locked Loop . 565 

NE561 Phase Locked Loop . 570 

NE562 Phase Locked Loop . 576 

NE564 Phase Locked Loop . 583 

NE/SE565 Phase Locked Loop . 586 

NE/SE566 Function Generator. 591 

NE/SE567 Tone Decoder/Phaser Locked Loop . 594 

570 Compandor . 482 

571 Compandor . 482 

NE575 PLL Frequency Synthesizer . 499 

NE580 Bar-Graph Logic Circuit . 426 

NE582 Hex Universal Driver. 430 

NE584 Cathode Driver . 433 

NE585 Anode Driver. 435 

NE586 LED Display Driver . 607 

NE587 LED Display Driver . 607 

NE590 Addressable Peripheral Driver. 608 

NE591 Addressable Peripheral Driver. 608 

NE/SE592 Video Amplifier. 123 

NE644 Servo Amplifier. 557 

NE5007 8-Bit High Speed Multiplying D/A Converter. 445 

NE/SE5008 8-Bit High Speed Multiplying D/A Converter. 445 

NE/SE5009 8-Bit High Speed Multiplying D/A Converter .. 450 

NE/SE5018 8-Bit )uP-Compatible D/A Converter.. 457 

NE5030 Single Supply 8-Bit A/D Converter. 608 

NE5501 High Voltage/High Current Darlington Array . 379 

NE5502 High Voltage/High Current Darlington Array . 379 

NE5503 High Voltage/High Current Darlington Array . 379 

NE5504 High Voltage/High Current Darlington Array . 379 

NE/SE5530 High Slew Operational Amplifier . 607 

NE/SE5534 Low Noise Operational Amplifier . 95 

NE/SE5534A Low Noise Operational Amplifier . 95 

NE/SE5538 Dual High Slew Rate Operational Amplifier . 90 

NE/SE5535 Dual High Slew Rate Operational Amplifier . 80 

NE/SE5551 Dual Polarity Regulator . 143 

NE/SE5552 Dual Polarity Regulator . 143 

NE/SE5553 Dual Polarity Regulator . 143 

NE/SE5554 Dual Polarity Regulator .. 143 
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NE/SE5555 Dual Polarity Regulator ..... — .. 143 

N5596 Balanced Modulator-Demodulator. 492 

SA532 Dual Operational Amplifier Single or Dual Power 

Supply Operation...... —.... 70 

SA534 General Purpose Single Supply Operational Amplifier .. 49 

SA709C Operational Amplifier . 100 

SA723C Precision Voltage Regulator. 155 

SA741C General Purpose Operational Amplifier .. 60 

SA747C Dual Operational Amplifier ..... —.. 114 

SA748C General Purpose Operational Amplifier . 116 

SA1458 General Purpose Operational Amplifier. 60 

SA7805C Three Terminal Positive Voltage Regulator. 174 

SA7806C Three Terminal Positive Voltage Regulator. 174 

SA7808C Three Terminal Positive Voltage Regulator. 174 

SA7812C Three Terminal Positive Voltage Regulator. 174 

SA7814C Three Terminal Positive Voltage Regulator.. — —. 174 

SA7815C Three Terminal Positive Voltage Regulator ..... . 174 

SA7818C Three Terminal Positive Voltage Regulator. 174 

SA7824C Three Terminal Positive Voltage Regulator. 174 

SA78HV05C Three Terminal Positive Voltage Regulator. 198 

SA78HV06C Three Terminal Positive Voltage Regulator. 198 

SA78HV08C Three Terminal Positive Voltage Regulator. 198 

SA78HV12C Three Terminal Positive Voltage Regulator. 198 

SA78HV14C Three Terminal Positive Voltage Regulator .. 198 

SA78HV15C Three Terminal Positive Voltage Regulator. 198 

SA78HV18C Three Terminal Positive Voltage Regulator. 198 

SA78HV24C Three Terminal Positive Voltage Regulator.. 198 

SA78M05C Three Terminal Positive Voltage Regulator .. 167 

SA78M06C Three Terminal Positive Voltage Regulator. 167 

SA78M08C Three Terminal Positive Voltage Regulator.. 167 

SA78M12C Three Terminal Positive Voltage Regulator.. 167 

SA78M15C Three Terminal Positive Voltage Regulator. 167 

SA78M20C Three Terminal Positive Voltage Regulator.. 167 

SA78M24C Three Terminal Positive Voltage Regulator. 167 

SA78MHV05C Three Terminal Positive Voltage Regulator. 198 

SA78MHV06C Three Terminal Positive Voltage Regulator. 198 

SA78MHV08C Three Terminal Positive Voltage Regulator... 198 

SA78MHV12C Three Terminal Positive Voltage Regulator... 198 

SA78MHV15C Three Terminal Positive Voltage Regulator. 198 

SA78MHV20C Three Terminal Positive Voltage Regulator. 198 

SA78MHV24C Three Terminal Positive Voltage Regulator.. 198 

SAA1027 Stepper Motor Driver Circuit . 396 

TAA960 Triple Active Filter Amplifier . 400 

TBA120S 8-Stage Amplifier with Balanced Demodulator.. 520 

TBA120T FM IF Amplifier and Demodulator . 524 

TBA120U FM IF Amplifier and Demodulator . 524 

TBA395 Chrominance Combination Monolithic Silicon Integrated Circuit .. 529 

TBA396 Luminance and Chrominance Control Combination ... 533 

TBA1440 TV Video Amplifier Demodulator .. 536 

TBA1440G TV Video Amplifier with Demodulator. 540 

TBA1441 TV Video Amplifier with Demodulator ... 548 

TCA210 Audio Amplifier and Preamplifier .. 402 

TCA440 AM Receiver Circuit . 499 

TCA580 Integrated Gyrator .. 405 

TCA980 Microphone Amplifier......... 408 

TDA1024 Zero Carrying On-Off Triac Control .. 411 

TDA1060 Switched Mode Power Supply Control Circuit. 417 

TDA2541 Video IF System . 544 

mA 709 Operational Amplifier . 100 

/xA709A Operational Amplifier. 100 

aiA 709C Operational Amplifier . 100 

AtA710 Differential Voltage Comparator . 287 

mA 711 Dual Voltage Comparator . 289 

juA723 Precision Voltage Regulator. 155 
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)uA723C Precision Voltage Regulator. 155 

/xA733 Differential Video Amplifier . 129 

^A733C Differential Video Amplifier . 129 

/uA740C FET Input Operational Amplifier. 107 

/uA741 General Purpose Operational Amplifier . 60 

/liA 741C General Purpose Operational Amplifier . 60 

/uA747 Dual Operational Amplifier. 110 

/xA747C Dual Operational Amplifier. 110 

mA 748 General Purpose Operational Amplifier . 116 

/LtA748C General Purpose Operational Amplifier . 116 

)liA 758 FM Stereo Multiplex Decoder, Phase Locked Loop . 508 

yuA7805 Three Terminal Positive Voltage Regulator. 174 

/uA7805C Three Terminal Positive Voltage Regulator. 174 

^A7806 Three Terminal Positive Voltage Regulator. 174 

/uA7806C Three Terminal Positive Voltage Regulator. 174 

aiA 7808 Three Terminal Positive Voltage Regulator. 174 

/xA7808C Three Terminal Positive Voltage Regulator. 174 

yLiA7812 Three Terminal Positive Voltage Regulator. 174 

/LtA7812C Three Terminal Positive Voltage Regulator. 174 

/xA7814 Three Terminal Positive Voltage Regulator. 174 

/xA7814C Three Terminal Positive Voltage Regulator. 174 

/xA7815 Three Terminal Positive Voltage Regulator .. 174 

/liA 7815C Three Terminal Positive Voltage Regulator. 174 

/uA7818 Three Terminal Positive Voltage Regulator. 174 

/xA7818C Three Terminal Positive Voltage Regulator. 174 

/liA 7824 Three Terminal Positive Voltage Regulator. 174 

)uA7824C Three Terminal Positive Voltage Regulator. 174 

/uA78HV05 Three Terminal Positive Voltage Regulator. 198 

)liA 78HV05C Three Terminal Positive Voltage Regulator. 198 

juA78HV06 Three Terminal Positive Voltage Regulator... 198 

yuA78HV06C Three Terminal Positive Voltage Regulator. 198 

yuA78HV08 Three Terminal Positive Voltage Regulator. 198 

)uA78HV08C Three Terminal Positive Voltage Regulator ... 198 

juA78HV12 Three Terminal Positive Voltage Regulator. 198 

juA78HV12C Three Terminal Positive Voltage Regulator. 198 

/LiA78HV14 Three Terminal Positive Voltage Regulator. 198 

juA78HV14C Three Terminal Positive Voltage Regulator. 198 

jLiA78HV15 Three Terminal Positive Voltage Regulator. 198 

juA78HV15C Three Terminal Positive Voltage Regulator .. 198 

^A78HV18 Three Terminal Positive Voltage Regulator. 198 

^A78HV18C Three Terminal Positive Voltage Regulator. 198 

^A78HV24 Three Terminal Positive Voltage Regulator. 198 

juA78HV24C Three Terminal Positive Voltage Regulator. 198 

juA78L02AC Three Terminal Positive Voltage Regulator. 160 

/xA78L02C Three Terminal Positive Voltage Regulator. 160 

/iA78L05AC Three Terminal Positive Voltage Regulator. 160 

^A78L05C Three Terminal Positive Voltage Regulator. 160 

jLtA78L06AC Three Terminal Positive Voltage Regulator. 160 

/iA78L06C Three Terminal Positive Voltage Regulator. 160 

juA78L08AC Three Terminal Positive Voltage Regulator. 160 

jLiA78L08C Three Terminal Positive Voltage Regulator .. 160 

;LtA78L12AC Three Terminal Positive Voltage Regulator. 160 

/xA78L12C Three Terminal Positive Voltage Regulator. 160 

juA78L15AC Three Terminal Positive Voltage Regulator. 160 

juA78L15C Three Terminal Positive Voltage Regulator. 160 

juA78M05 Three Terminal Positive Voltage Regulator. 167 

)uA78M05C Three Terminal Positive Voltage Regulator. 167 

/xA78M06 Three Terminal Positive Voltage Regulator. 167 

juA78M06C Three Terminal Positive Voltage Regulator. 167 

^A78M08 Three Terminal Positive Voltage Regulator. 167 

)uA78M08C Three Terminal Positive Voltage Regulator. 167 

/xA78M12 Three Terminal Positive Voltage Regulator. 167 

juA78M12C Three Terminal Positive Voltage Regulator. 167 

/uA78M15 Three Terminal Positive Voltage Regulator. 167 

/uA78M15C Three Terminal Positive Voltage Regulator. 167 
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/xA78M20 Three Terminal Positive Voltage Regulator. 167 

/uA78M20C Three Terminal Positive Voltage Regulator. 167 

/xA78M24 Three Terminal Positive Voltage Regulator. 167 

/iA78M24C Three Terminal Positive Voltage Regulator. 167 

/xA78MHV05 Three Terminal Positive Voltage Regulator... 198 

/uA78MHV05C Three Terminal Positfve Voltage Regulator. 198 

/xA78MHV06 Three Terminal Positive Voltage Regulator. 198 

/iA78MHV06C Three Terminal Positive Voltage Regulator. 198 

/xA78MHV08 Three Terminal Positive Voltage Regulator. 198 

/uA78MHV08C Three Terminal Positive Voltage Regulator. 198 

/xA78MHV12 Three Terminal Positive Voltage Regulator. 198 

mA 78MHV12C Three Terminal Positive Voltage Regulator .. 198 

/uA78MHV15 Three Terminal Positive Voltage Regulator. 198 

/xA78MHV15C Three Terminal Positive Voltage Regulator... 198 

/xA78MHV20 Three Terminal Positive Voltage Regulator. 198 

/uA78MHV20C Three Terminal Positive Voltage Regulator .. 198 

mA 78MHV24 Three Terminal Positive Voltage Regulator. 198 

)uA78MHV24C Three Terminal Positive Voltage Regulator.. 198 

mA 78G Four Terminal Positive Adjustable Voltage Regulator . 193 

yuA78MG Four Terminal Positive Adjustable Voltage Regulator . 226 

juA78MGC Four Terminal Positive Adjustable Voltage Regulator . 226 

iuA7905 Three Terminal Negative Voltage Regulator .. 183 

/xA7905C Three Terminal Negative Voltage Regulator... 183 

)uA7905.2 Three Terminal Negative Voltage Regulator . 183 

/xA7905.2C Three Terminal Negative Voltage Regulator . 183 

/iA7906 Three Terminal Negative Voltage Regulator . 183 

juA7906C Three Terminal Negative Voltage Regulator . 183 

iuA7908 Three Terminal Negative Voltage Regulator . 183 

/xA7908C Three Terminal Negative Voltage Regulator . 183 

)uA7912 Three Terminal Negative Voltage Regulator . 183 

^iA7912C Three Terminal Negative Voltage Regulator . 183 

^iA7915 Three Terminal Negative Voltage Regulator .. 183 

juA7915C Three Terminal Negative Voltage Regulator... 183 

aiA 7918 Three Terminal Negative Voltage Regulator . 183 

/uA7918C Three Terminal Negative Voltage Regulator . 183 

/xA7924 Three Terminal Negative Voltage Regulator . 183 

AiA7924C Three Terminal Negative Voltage Regulator.. 183 

/uA79M05 Three Terminal Negative Voltage Regulator . 232 

/uA79M05C Three Terminal Negative Voltage Regulator ... 232 

^A79M05.2 Three Terminal Negative Voltage Regulator . 232 

juA79M05.2C Three Terminal Negative Voltage Regulator . 232 

juA79M06 Three Terminal Negative Voltage Regulator . 232 

^tA79M06C Three Terminal Negative Voltage Regulator . 232 

/xA79M08 Three Terminal Negative Voltage Regulator . 232 

)uA79M08C Three Terminal Negative Voltage Regulator.. 232 

/uA79M12 Three Terminal Negative Voltage Regulator .. 232 

aiA 79M12C Three Terminal Negative Voltage Regulator . 232 

/xA79M15 Three Terminal Negative Voltage Regulator ... 232 

/xA79M15C Three Terminal Negative Voltage Regulator . 232 

^tA79M18 Three Terminal Negative Voltage Regulator . 232 

)uA79M18C Three Terminal Negative Voltage Regulator ... 232 

/xA79M24 Three Terminal Negative Voltage Regulator . 232 

/uA79M24C Three Terminal Negative Voltage Regulator . 232 

mA 79G Four Terminal Negative Adjustable Voltage Regulator. 193 

/uA79MG Four Terminal Negative Adjustable Voltage Regulator . 226 

AiA79MGC Four Terminal Negative Adjustable Voltage Regulator . 226 

UDN5711 Dual High Voltage Peripheral Driver (AND) .. 342 

UDN5712 Dual High Voltage Peripheral Driver (NAND) . 342 

UDN5713 Dual High Voltage Peripheral Driver (OR) . 342 

UDN5714 Dual High Voltage Peripheral Driver (NOR) .. 342 

ULN2001 High Voltage/High Current Darlington Transistor Array... 383 

ULN2002 High Voltage/High Current Darlington Transistor Array. 383 

ULN2003 High Voltage/High Current Darlington Transistor Array. 383 

ULN2004 High Voltage/High Current Darlington Transistor Array. 383 

ULN2211 2-Watt TV/FM Sound Channel. 547 
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